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PREFACE

The report of the past year's work is contained in

Chapters 1 through 6. A summary reporting the entire project

(two years) is appended. It is not intended to be an abstract

of the final reports of Phases I and II. Instead, it is an

independent statement of the rationale of the project and our

own evaluation of progress.

A number of people worked on the project this past year.

Donald Dellinger (SCI) and Donald Schudel carried out the

bulk of the interviewing. They reported on a standard form,

copies of all these reports have been given to the office of

Geography Programs, ONR. Robert Smith and Fenn Sykes were

consultants. Mr. Sykes examined all the systems statements

for consistency, and his comments and suggestions were particu-

larly helpful in the development of the ecology and information

system descriptions. Mr. Smith examined the weapons systems

acquisition process for its use of environmental data. What-

ever clarity and distinction the illustrations have must be

credited to the scientific artistry of Sheldon Shenk.

We are especially grateful to personnel of the office of

Geography Programs for their continual support in procuring

documents and paving the way for our visits to naval offices.
I".
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ABSTRACT

Progress on this year's work is summarized in the form

of four "lessons learned": (1) there is a good deal of evi-

dence within Navy that environmental impact is a significant

factor in effectiveness of naval operations; (2) the inter-

action focus is with weapons systems; therefore, the basis

for understanding environmental impact is naval ecology --

the science of the interactions between environment and men-

and-machines in discrete naval activities; (3) naval ecology

provides the framework which relates the four basic naval

functions, and it clarifies the distinctions made between

research and development, both of which are relevant in

weapons systems terms, but in different fashions; and (4) a

coastal information system is such a powerful addition to

any organization, serving not only the decision-making process

but also the process of developmental change, that it must be

carefully developed in accordance with both the scientific

structure of naval ecology and the functional and organizational

patterns of Navy.

Investigations leading to these lessons led us to posiu-

late: (a) a model of naval ecology, and (2) a description of

a theoretical coastal information system. In effect, these

models constitute our major findings: (1) that it is possi-

ble to begin to build from present knowledge an aggregated

and extrapolatable body of information concerning the effect

V
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v of environment on a given naval operation; and (2) that it is

possible now to design and introduce a partial, prototype

I coastal information system which will produce command level

outputs to all four naval functions for an amphibious oper-
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CHAPTER 1

INTRODUCTION

While there is a great temptation to report progress on

the basis of the projections made in proposals, it seems at

this point in the study more useful to recapitulate in terms

of the "lessons learned". Despite the systems approach used

in this project, it is still research, not development. One

starts not with the ultimate idea of constructing an infor-

mation system, but rather with the idea of attempting to find

out what an information system must do and whether in fact it

seems feasible after that to do it or not. It is on the basis

of what we have learned about both the ideal world of naval

ecology and the real world of naval organization that we must

evaluate the probability that a useful coastal information

system ought to be, and can be, innovated by Navy.

Lessons Learned

The following four lessons constitute our basis for esti-

mating the situation and projecting future work.

(1) The importance of environmental impact. There is

abundant evidence that environment often plays a key role in

the success or failure (or more often partial success or

partial failure) of a naval operation, just as environmental

constraints consistently degrade the performance of men and

machines in day-to-day civilian activities in all cultures.



I" The probability is great that systematic discovery and appli-

cation of principles of environmental impact would upgrade

performance of men and machines and would be cost-effective

U- for Navy, and there are good but not sufficient reasons why

this has not been done.

(2) The basic nature of a knowledge of naval ecology.

Naval ecology -- the science of the interactions between

environment and men-and-machines in discrete naval activities --

is inadequate at the present time to provide a framework for

a responsive coastal information system, although much of

the data basic to such a framework apparehitly exists.

For decades this whole interdisciplinary area has been

1. investigated sporadically, recognized in some ways and not

at all in others, and in general not dealt with systematically

at all. The result is that the Navy has a great many "test

sites" but adequate methods of envirornaental testing -- i.e.,
1

determining the efficiency of operation of a givon person or

kind of materiel in a given environment -- appear to vary

from one site to another. It has a fleet weather service

which transmits a great deal of environmental information,

some of it extremely valuablo, some not very useful, but mean-

while all kinds of vital environmental data are not even

I collected, let alone dissominated. It has the capability of

photographing large areas from the air before an operation,

but littl capability of hatidling all of these visual data
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once they are collected. During the past year a number of

people in Navy laboratories were interviewed -- people re-

sponsible for perfecting the design and development of

weapons systems. Their estimates of the kinds of environ-

mental information they needed varied from nothing to every-

thing, depending upon tleir backgrounds and experience. Very

few made any reference to the requirement to translate environ-

mental data into environ aental effects language. On the other

hand, reports from these laboratories show a considerable

awareness of effect of environment, and effects terminology is

used constantly in these reports.

The fact is that a great deal is already known about

naval ecology if it were systematically pulled together alld

organized, We believe most military personnel and laboratory

scientists and engineexs would be surprised to learn how much

is known, based largely on their own efforts but never coordi-

nated.

(3) Distinction betwsen "research" and "de veloicnt".

One reason for the foregoing statement is that organizationu

(i.e.. the Navy) tend to be structured in terms of discrete

categories of function and knowlcdge., and neval ecology moans

in effect all of the interactions between the many physic.al

and cultural facets of coastal aras and the things and peopla

and activities that make up naval operations. Thoerefore, all

functional categories of Navy and their operating subdivisions

3.



may have something to contribute to or learn-from naval ecology.

It is in effect an information base as pervasive as intelli-

gence or logistics and perhaps should be institutionalized in

new subcategories of present functional institutions and

focused as an informational activity. One cogent reason for

arriving at such a conclusion is that the research and develop-

ment functions are organizationally distinct in Navy and

apparently* perceived by people in development, and in oper-

ations as well, as relatively unrelated and directed toward

different goals.

The distinctions are these: development- takes place in

Navy -.aboratories and in industry, while research takes place

larguly outside Navy, sponsored by ONR. Development-is weapons

systems oriented, while research is not, although there is a

schizophrenic feeling in ONR about the extent to which "basic"

research can be made to demonstrate naval "relevance". Develop-

ment produces hardware in direct response to Fleet. requirements

(through CNO and the Systems Command), while research produces

reports largely in response to unsolicited proposals from the

scientific coranunity. (It would be interesting to know how-

much ONR-supported research is a direct response to laboratory

requirements, and how much use laboratories made o ONR reports.)

We have not talked to all people in development, nor in oper-
ations, obviously, but this was a recurrent and not unexpected
comment. How p~ople in ONR view this we do not know.

-- 4
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It would appear to the outsider that while there are

distinctions between research and development, there ought

to be a high degree of coordination of these functions

supported by one organization. Yet the outsider does not

have to deal with the hard facts of organizational life.

It is ofter easier to add a new, integrating activity than

to change the patterns of an old activity. In any case,

the distinction between research and development functions
is not unique: there are also conmmunicat'ons breakdowns

7between development and evaluation, between evaluation and

operations, between research and strategic planning.

One significant aspect of this "lesson" is that an infor-

mation system has tremendous potential for introducing change

in organizations-, as will be noted later.

(4) The key. role of a coastal information system. It

became apparent that an information system of the sort we

hoped to design would provide more than data on environmental

impact to potential users of such data: it would perhaps

just as importantly forge a communications link among the

functional aspects of Navy, and among its diversely-oriented

groups of personnel. We began to think of such a system not

as the product of change, but rather as the instrument of

change, for it could override functional organizational juris-

dictions without overriding the responsibilities of those who

ran them.

-5-
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But to function in this fashion, an information system

must be accepted by the people who will use it: it must

r therefore be at one and the same time comprehensible in

terms of present naval practices and structured in a highly

logical fashion. The answer to doing this is to make the

logic of structure the logic of naval ecology, on the one

hand, and to introduce the system in manageable pieces. Our

representation of such a system is an attempt to be consistent

with structured views of naval ecology and the processes of

i[ information handling in Navy.,
Summary. The environment does exercise an influence,

often important, sometimes critical, on the men, machines,

and materiel of naval operations. The core of what is impor-
tant to a Navy-responsive coastal information system is the

I. environment-weapons systems-operations relationship, or how

environment effects naval operations. We have called itLI
naval ecology. Knowledge about the relationship is applied

to different kinds of decision-making in different functio, al

areas of Navy and to different levels of the same function.
&I"

I, Therefore, the information system must accommodate and by

- so doing relate all functions in terms of the common naval

[. mission which is the successful use of weapons systems in

support of U. S. policy. To introduce such a system means

winning the active participation of elements of all functions

by demonstrating the value of participation to each function

individually.
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CHAPTER 2

THE IMPORTANCE OF ENVIRONMENTAL IMPACT

Feasibility of an information system involves some kind

of effectiveness evaluation. While our first objective was

to test feasibility of design, actual utility quickly became

an important adjunct of the investigation, because so many

people in Navy did not recognize environmental impact of

significance to operations or of interest, generally, to

anyone beyond the design engineer. The engineer, on the

other hand, will meet the conbtraints he can and suggest some

operational adaptations for those he can't. So a question

that was frequently implicit in our conversations was this:

"Is environmental impact on weapons system design, develop-

ment, deployment, maintenance, and operation significant

infrequently, occasionally, or often enough to worry about?

Because, if it is important often enough to worry about, why

hasn't it been worried about, in any of the services, in an

organized way?" We will attempt to answer both questions.

Measures of Importance of Environmental

Impact on Military Operations

Evidence of the importance of environment is given,

based on studies and military documents which specify impact,

and organizations involved in some aspect of the problem.

-7-



FStudies. There have been a great many studies of the

I. effect of environment on either military operations or on

r men in a variety of activities or on materiel of various

sorts. The author of this report directed a three year

[ study of the effect of environment on military operations

in World War II and Korea as revealed in military records

(Campbell, et al. 1957). Some of the conclusions reported

in a statistical analyses of the data from records were as

follows :1

* For a given location the distribution of effects
is a function of the operation being conducted,
with a few exceptions.

• The distribution of effects on both materiel and
personnel, in general, is a function of the
location in which a specific operation is con-
ducted. For example, when a transportation
operation is conducted in Northern France or

f Northern Germany, of the effects observed on
materiel, the probability is .72 that the effect
movement inhibition will be observed.

* It seems true from the data tiiat the Accomplish-

ment of Operation distributions are functions of
Magnitude of Effect, but that they are influenced
by some factor6 which are not working strictly on
Magnitude of Effect. For example, it seems rea-
sonable to suppose tha' other things besides
environmental elements will be acting to affect
the outcome of a military operation -- such
things as size of forces involved, psychological
and morale factors, etc. It is felt, therefore,F: that Accomplishment of Operation as a coordinate
gives sufficiently more information than Magnitude

1 McCall, C H., Jr., The Nine-Coordinate Probability Model

Describing FEnvironment-Military Operations Relationships,
The Historical Records Project, The George Washington Uni-
versity, Washington, D. C., September 1957.

s.



of Effect to warrant its use in future analyses.
There appears to be some justification for
calling Magnitude of Effect a tangible measure
of known environmental factors influencing an
operation and for calling Accomplishment of Oper-
ation a measure based on these factors plus all
others which may also be acting in the given
military situation.

This study was preceded by Project ENVANAL (Dunlap

Associates) and followed by Project DUTY (University of

Denver) -- both long term projects relating environment to

military materiel and men and military operations. (See

bibliography)

Among design engineers and scientists, in particular,

there is recognition of the impact of environment. Reports

from the many Navy laboratories and test centers of various

sorts are evidence of this, and it is especially true of

civil engineering processes and products. The Naval Civil

Engineering Laboratory at Port Hueneme, in its January, 1968,

GUIDE TO NCEL TECHNICAL DOCUMENTS, listed a very high pro-

portion of environmental impact studies, a sample of which

are shown (Figure 1). We went through the index alphabetically

and picked, more or less at random, samples of topics which

showed the impact relationship (Figure 2 ). From "Antarctic

Regions" to "eddy' currents" to "floating docks" to "pontoons"

to "trafficability" to "storage" to "wood preservative" --

the subjects indicate the environment-equipment/men/materiel-

operations-relationships and their applications. The Defense

-9-
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THEE TEARS AFTER PapRicaTIoN. THE CRATE PRO0TOTYPE

MAS BERTe FROM STORA4GE AND INSPECTED. THIS INSPECTION
REVEALED40 S11KW ESTENSIVE DETERIORATION OP THE SlTEE FACES
BAD EDGES ON THE PANELS. THAT THEf PROTOTYPmE CombS Rot IW
asBEIkEo OR R11PAIRED. IT was CONCLUDED THAT THis BULD-
ING NMSE BE REDSIOED. USING CO@RSIOR*-RESISIANI MATERIAL

SOB~ERto AtHIEVE a IS-YEARl LIFE.
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Documentation Center Technical Abstract Bulletin shows a

wide variety of studies bearing upon one or another aspect

of the environmental relationship for many Navy, Army, and

Air Force laboratories and test sites.

However, there is somehow a loss of specificity between

studies and the military documents which either indicate

environmental standards for design in general or relate design

standards of specific items to environment, and we believe

that this may result, at least in the Nary, from the fact that

the people who specify requirements are not the people who do

the designing.

Military documents. The basic document specifying en-

viro-nmental design coriditias is DOD MIL-STD 210iA, considered

highly inadequate by many design engineers and most scientists.

The documents which transmit requirements for new weapons

systems components in Navy probably originate in the Fleet,

are drawn up in CNO and passed on to Systems Comxtand, vlhence

they go to the appropriate laboratory or to private industry.

In a proposal to the Rome Air Dcvelopmi'nt Center to intro-

duce environmental effects into the process of Weapons Acli-

sition and Planned Logistic Suppot, Sykes poiltcd out Lhe

inadequacy of such doculnvnts as DOD MIL-SVD 210A zin]d suqq t ' ,

the per%,asivcnc.ss of environmental information by mcns of a

di.ayram which incorporates thc basic derign dncumcnts of all

servic':. (.iqjurw ).

- Lz -
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In addition to such formal docrements, there are many

handbooks, operator's manuals and other instructional materials

which contain statements about the environmental limits and

capabilities of specific pieces of equipment.

Organizations. In the Air Force, Cambridge Laboratories

supply environmental data. In the Army, Natick Earth Sciences

Laboratories are responsiole for environmental data in the

environment-man and environment-materiel (but not weapons

systems) relationships. There is no similar office in Navy,

although personnel at Naval Weapons Center (Schafer and

Kurotori) have been providing a similar service. There is an

Environmental Services Office under Joint Chiefs of Staff.

In addition, thiere are num,-ou. 'te, sites" opr,,-t m' . n

agencies of all three services scattered through the United

States.

Conclusion. There is recognition of the !,i 3nificanc- of

enviroiu:,ontal impact, but the recognition is scattered. It

has no focus. There is no sy~tematic approach to the problem,

although, as Sykes' diagrim suqgcsts, there coulel be.

Why -ire nvironmert.a] Data lanet, 1 icd

Morc S .. ,,v?

There are several contributing reasons to the inad(quate

treatn'e;;t of environmental impact, among them m.an's fatal-sm

about s;uch aiabient conditions; the interdisciplinary natu%-c

- Vt -



of ecological studios, and particularly applied ecology of

this sort; the complexity of the relationship; and perhaps

most important of all, the naturc of organizations.

Fatalism. It may be that people who are not concerned

about 1,000 deaths a week on United States highways, or the

menace of air and water pollution, or the possibility of

nuclear war are not going to be very concerned about the

increased costs of military operations as a result of environ-

mental ignorance. But one wonders if those costs are really

comprehended! In March (1969) a pro3u(h member reported an

interview in which he was told that a big development program,

sponsored separately by Navy, Army, Air Force, the Coast

Guard, etc., was 9eared Lo devul uwii riverine c.Ljft EOX L b

in Southeast Asia. There was no interfacin:1. The cost of

the total program was some $112 million a year, involving

130 contracts, 60 different kinds of boats, and producing

about 1,600 boats a year. Obviously, that expensive environ-

mental effect, for which we were unprepared, has not been

investigated properly.

Interdiscin]inarv n,,ture of cco~oic~i1 ':ti_?s. Ecology

is the science of interaction of systems and their coviron-

ments. Neither the students of the system nor the ntudc'*s

of the environment can bridge the gap alone, ex:cept pe.rhaps

in rare caces. Naval ecology involves the officers at-d men

who use weapons systems, the enginvers and scientists .ho

- 15-



design them, and the scientists who provide the basic knowledge

on which appropriate design is based. But our methods of

organizing activitieb, of classifying man's pursuit of knowl-

edge, and of rewarding those who are successful militate against

men trained to do one thing working with men of unlike back-

grounds to do another.

Complexity of the relationship. The most complex area

of the relationship stems from the difficulty of abstracting

out of a real environmental setting (location) in which there

is taking place the wide variety of uses, by people, of the

many kinds oI materiel and equipment used in even a simple

operation, the specific state of elements of the environment

that are interacting with specific people, materiel, and

equipment in a specified operational state. In other words,

given a five man reconnaissance patrol outside of a village

near Danang, Vietnam, in July, what are the specific effects

of temperature? Of humidity and rainfall? Of surface

moisture? Of dense vegetation? How can these effects be

stated in terms which will permit the equipment or materiel

designer to attempt to offset them? What improvements in

performance (accomplishment of operation) are the objectives

of design changes?

It is a natural human tendency to back away from analysis

of complex interaction processes of this sort and asswuie that

tho opcrational "plan" will take environmental effects into

- 16



account and offset them by such strategems as changing the

locale of the operation, increasing the magnitude of the

effort, etc. But an operational "plan" cannot take these

effects into account unless they are known well enough to be

stated in some relating and quantifiable fashion. Therefore,

environmental intelligence is often no better than the environ-

mental data supplied weapons systems designers.

The nature of organizations. Organizations are typically

functional in nature, designed "vertically", in terms of

discrete activities. People's capabilities tend also to be

classiried vertically, according to disciplines or specific

jobs. A comprehension of and application of environmental

impact requires that designer, tester, and user of a piece of

equipment all understand how it will be used, and for what

purpose; where it might be used, and what the conditions of

environment are there; and how those conditions will affect

the use, purpose, and outcome of use of the equipment. In

other words, it requires a great deal more interaction than

is typical of people in organizations. We suspect, but do

not know, that many of the serious problems we face but seem

unable to solve today stem from this inelastic characteristic

of organizations, this inability of people to work happily

between and among disciplines and to interact and communicate

with people whose activities are very different.

- 17 -



V" Conclusion. There seems to be little question that a

better understanding of naval ecology could be applied usefully.

There is evidence that it would improve the quantity of the

contributions now being made by "environmental data suppliers"

in DOD. Perhaps an information system is the way to intro-

duce more system and application.

-18 -



CHAPTER 3

NAVAL ECOLOGY: DEFINING CRITICAL RELATIONSHIPS

The total spectrum of naval personnel and materiel is

probably representative of all of the kinds of people and

jobs and materials and machines that exist in a modern civil-

ian society. However, the organization of people and things

in the Navy is focused on a particular mission, and that is

to support United States policy, wherever necessary, by means

of the usc of weapons. That may appear to be a very broad

definition of "weapons". The Navy may send an acvisory

group to a foreign country to teach its personnel how to

use weapons or it may send its corpsmen into a disaster area

to provide medical assistance. But for the most part, it will

be deploying weapons systems -- ships and planes and missiles

with all their supporting paraphernalia -- as a deterrent, or

as a counter, to the use of force. So it is convenient to think

of any direct (as opposed to supporting) activity in support of

foreign policy as involving the use of a weapons system.

The way weapons systems are used, and the choice of weapons

systems used, depends upon the nature ot , ctivity -- in

military language, an operation. An operation takes place in

a specific environment. Naval operations take place in and on

the sea, from sea to shore (coast), ashore, and in the air above

both. Therefore naval operations take place in just about

every possible earthly combination of environmental influences:

deep and shallow seas and rivers, sea and river surfaces, land

- 19 -



surfaces, sea to land surfaces, and all levels of the atmosphere

up to very great heights.

An operation is made up of specific combinations of men and

materiel performing specific tasks. The influence of environ-

ment on both men and materiel will depend to a large extent upon

what specific tasks they are performing. Naval ecology is the

science of the interactions between environment and men-and-

machines in discrete activities.

The kinds of interaction we are most interested in are those

in which the environment has some measurable effect on people

and materiel, or upon the activities in which people-and-materiel

are engaged. For example, people are subject to chilling, over-

heating, fatigue, and degradation of their ability to see, to

move, etc. And many machines are subject to the same kinds of

environmental impact. Materiel is subject to gradual degradation

(wear, rotting, rusting, decomposition) or immediate failure

(breaking, burning, loss). The effects are generally speaking

of two kinds. People and materiel are degraded or lost. Activ-

ities are inhibited or prevented or enhanced. The most serious

effects for naval operations are inhibition or prevention of

activities.

The environment is also affected by the activities of men-

and-machines involved in naval opordions: cities and supporting

services are destroyed, burned, contaminated; ecosystems are

disrupted, possibly for generations; people are killed, etc.

- 20 -
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The military services of the world, like most of their civilian

counterpart activities, have never seriously concerned them-

selves with this aspect of the activities. But in an era of

insurgent and counterinsurgent operations, in which quite

literally the prize is not a geographic location but winning

the support of civilian populations, a great deal more attern-

tion must be given to the effect of naval activities upon the

physical, cultural, and social environments.

Role of Weapons Systems

Since the weapons system is basically an organization of

men and materiel trained and designed to perform certain tasks,

the tangible unit of naval operations affected by environment

is the weapons system and its components. The pattern followed

by the Navy in its program to develop systems and system com-

ponents indicates (Figures 4 and 5) that this is indeed a

pervasive process, based on national policy, involving fleet

and CNO recommendations, and involving not only laboratories

and industry but ONR as well.

Design criteria. A review of Navy documents involved

in this process (GOR's, SOR's, etc.) by project personnel,

and of such documents applicable to Marine Corps operations

by Geography Programs personnel, revealed a tremendous vari-

ation with respect to perception of the significance of

- 21 -
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environmental influence -- in these instances, of course, in

terms of design criteria. Some documents specified in con-

siderable detail conditions of the environment in which a

weapons system component must operate (e.g., water depths of

*2 feet, 95°F. at sea level, i00 slopes, etc.), while others

covered environment in such terms as "all weather capability",

"temperatures from -65°F - +1250F.", etc.

Laboratories. However, the story was a very different

one in the laboratories. Interviews with laboratory personnel

(for list of offices visited, see Appendix I ) and laboratory

reports frequently indicated a real preoccupation with con-

ditions of the environment in which a particular device would

opcrate properly. Although this ray be an overgeneralization,

it appeared to us that requirement3 documents (GOR's, etc.) tended

to overstate it somewhat, at least in terms of the number of

environmental parameters laboratory engineers and scientists said

they had to know about. Of course, we did not visit all labo-

ratories, or all of the other centers and stations at which

testing and evaluation and environmental studies were being

carried out, but we believe the difference reflects the fact that

the engineering concern is much broader than the operational con-

cern: it includes long term durability and cost-effectiveness,

whereas the operational concern is with short term optimal func-

tioning. Both are important and are rart of naval ecology, but

the sionificance relates to the particular naval func'ion, as

we hcpe to show.

-24- 2

L. 4



Laboratory reports. handbooks, technical manuals, oper-

ating manuals. We were not able to survey all of the litera-

ture directly concerned with the design, test and evaluation,

development, transportation, use, and storage of naval ma-

teriel -- all of which we assume to be weapons systems "com-

ponents", since all are designed to support some activity

relating to the overall Navy mission. However, we have looked

at enough bibliographies of reports of studies made by, or

supported by, naval activities of various sorts to know that

the environmental effect on materiel is very often a major

consideration, as indicated in the previous chapter. This is

apparently not so often the case in technical manuals, hand-

books, and operating manuals, in all of which the major effort

is to describe how a component works, what all of the gadgets

mean, and what some of the prominent operating problems will be.

Range of impact of environment on weapons systems. In

general, environmental relationships are stated in terms of

design for operation, which is of course of major importance

for the development process. Some, but relatively few, con-

sider environment in relation to transportation, storae, or

maintenance of the component.

Present State of Knowledge and AmDlication

At present, knowledge and application of the principles

of naval ecology constitute an incomplete system. The impor-

tance assigned to environmental impact on a given weapons

- 25 -
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system component depends on the individual design engineer;

the importance assigned to impact of environment on a specific

operation depends upon the experience of the officers in charge;

the ability to avoid environmental pitfalls and use environment

positively when operating a specific component depends upon the

experience and training of the operator.

There are many specific assessments of the design and oper-

ation of weapons system components. There are many specific

assessments of operations. And there are many careful studies

of various environments. But for the large part these have not

been put together to form a consistent system of knowledge which

will enable a planner or commander to optimize an operation in

support of a mission in a particular environment.

We believe it is possible to begin to structure 2i a

system upon the basis of what is already known. As we see it,

many exi-.ting pieces of inform&tion basic to the system have

not been put together.

To put tbhem t-oqether one ngeds some sort of organizing

1Amodel" of thq_ Iystju..

To mgke them effectiveo this model must be th. heart of

_functioning information system.

e of/0 Nava IEcOlo #o

A very general graphic representation of a naval crolog-

ical system is attempted (Figure 6 ). This not only shows

some basic oporations-weapons systems-environment relationships

- 26 -
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(e.g., which operations are carried out where with which

weapons systems), but also some of the environmental con-

straints upon the systems (e.g., heights to which various

craft can safely submerge). In other words, the general range

of things, activities, and ambience is illustrated. The prob-

lem is to reduce this general picture to some positive state-

ments about capabilities and limitations, go-no go situations,

etc.

Structure of the relationship. The idea behind struc-

turing this relationship is simplicity itself. Just as the

total amount of "business" for one day in a large department

F store is the sum of many small and large transactions of all

kinds, so the total impact of weather and sea state and coastal

topography on an amphibious operation is the sum of many small

j and large effects of states of the environment upon men and

materiel involved in many kinds of activities. To predict or

simply keep track of total business or total impact one needs

11 some sort of accounting system -- an accounting system based

upon an understanding of how the small events add up to larger

j ones which add up to totals. Some banks understand these re-

lationships well enough, for example, to be able to get reli-

ably accurate figures on the day's business by sampling the

transactions instead of accounting for all of them. This

will obviously be necessary in certain aspects of the use of

environmental data -- especially in strategic planning and

in operations; on the other hand, development will probably

- 28 -



want to consider all known relationships, and research will

be necessary to support both the knowledge of relationships

and the bases for sampling.

One assumption behind the structure suggested is that

*any small effect can be traced to the part it plays in a

larger effect. This is a reasonably certain assumption, be-

cause all of the categories of the relationship are aggre-

gatable and the effects are largely measurable. The array

of index subjects from the NCEL GUIDE in the preceding

chapter (Figure 2 ) suggests that development investigations

regularly examine the relationship at several levels of

aggregation: structures are designed for 4,e marine environ-

ment, but at the same time the biodeterioration, corrosion,

fouling, etc., of various kinds of materiel and equipment

are studied with respect to specific aspects of that environ-

ment.

A graphic portrayal of the model concept (Figure 7 )

shows how all categories and their ecological relationships

within specifically defined operations are discrete with

respect to naval function. One would expect the normal

laboratory investigation to be at the most specific level of

materiel and element of environment, and usually either this

is the case or such studies have been made and are basic to

designs of such collective materiel designations as "structures"

- 29 -
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[or "aircraft". It is quite normal to apply all of the known

principles of environmental relationship of materials, wing

[conformation, structural strength, etc., to design.
Explanation of model. The distinction between the signif-

icance of environmental impact to research and development, on

the one hand, and strategic planning and operations, on the

other, is apparent. Research is concerned with unknowns in

the environment; applied research is concerned with the unknowns

in the environment-weapons systems relationship; and development

1. is application of principles of relationships to improved weapons

system design or adaptation to environmental stress by means

of new use techniques. (The distinction between research and

development, which we will elaborate somewhat in the following

chapter, becomes quite understandable in this context: applied

research and development clearly take their cues from require-

ments for new or modified weapons systems, whereas researchd

tends to be generated by ignorance about the environment. To

, give such research naval relevance it is necessary to conduct

it in those areas of ignorance which have the greatest impact

on use of present and proposed weapons systems.)

In both activities all ranges of impact, from minor to

ma'or, are considered. that is to say, the optimum funcLioning

of all equipment and materiel is important. There is therefore

no relationship -- no aspect of naval ecology -- that is unimpor-

tant to these two basic naval functions.

1. - 31 -
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In strategic planning and operations the significance

narrows down rapidly to weapons system c.itical to an oper-

ation, and to the importance of environmental impact on their

successful functioning.

To illustrate the difference with examples, corroded

cables may affect an operation adversely when they do not

function properly. But that is not the commander's concern:

design features and maintenance procedures are supposed to

preclude such malfunctions. However, design and maintenance

often provide adaptation only up to certain limits of environ-

mental impact, and the commander must know for critical com-

ponents -- such as landing craft in an amphibious operation --

what those limits are and the extent to which such conditions

will inhibit or stop landing craft. More, he must know what

that "extent" means in terms of success of the overall oper-

ation.

This means that the universe of environmental-ecological-

engineering knowledge which is so necessary at the research

and development levels must be focused for practical use at

strategic planning and operations levels. The focus is achieved

by two analytical procedures, shown in the center of our model:

(1) impact data must be aggregated in terms of weapons

systems, giving the commander some quantified idea, for example,

of how many amphibious craft will not reach shore in sea state X, and

- 32 -
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(2). every component must be assigned a weighting

factor indicating its importance in the overall achievement

[ of mission; for example, what are the really critical weapons

systems components in an amphibious operation? To know what

effect sea state X will have on mission success, he must know

fhow large a factor landing craft will play in that particular
operation.

Building the Applied Science, Naval Ecology

I. The building blocks of this applied science are at the

level of greatest specificity in the model. For verJ specific

i. engineering and design purposes many of the relationships at

j this level have been examined and are being examied. and

there is a wealth of reports in which highly - re-

j. lationships are examined or inferred, in which nts

I I for new environmental data are indicated, in whx K of

-
! environmental impact is implied, etc.

One of the basic steps in making these widely scattered

kinds of relevant information useful is to pull together what

If is known, what is inferred and implied, and what is not known.

It will be in a sense a pioneering effort to demonstrate:

- (a) how much is known about naval ecology, and (b) how

important this information is when it is put together in a

coherent system of principles of relationships. As this is

accomplished, the results should be transmitted by some

-33-
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media, probably in the form of reports, to both ONR and

the naval laboratories, for obvious reasons in both cases.

The two processes which link these scientific and engi-

neering data to planning and management, and which in effect

select out management applications, are data aggregation by

weapons systems and systems analysis of operations-and-weapons

systems for the purpose of assigning weight factors to critical

weapons systems components in given operations. The first is

a logical development of systematizing neval ecological infor-

mation. The second is probably only worth doing if an infor-

mation system for management use is going to be developed, in

which case it would be a function of whatever agency sponsored

development of the information system.
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Ci;APTER 4

THE DISTINCTION BETWEEN RESEARCH AND DEVELOPMENT

There are such fine shadings of difference between basic

and applied research, and between applied research and develop-

ment, that it is often very difficult to know into which cate-

*n gory a particular project fits. Nonetheless, the Navy makes

the distinction. Funds categorized "research" are adminis-

tered in ONR, while funds labeled "development" and "-1vanced

development" are administered in the Materiel Command.

Excepting the Naval Research Laboratory, most development and

advanced development are carried out in naval laboratories,

which also may do some relevant basic research, frequently

with ONR funds. Both ONR and the laboratories rely heavily

on people and organizations "outside" the Navy in their pro-

grams: ONR on universities, the laboratories on industry.

It is perfectly obvious to everyone -- including every-

one in Navy -- that there should be the utmost coordination

among these three classes of studies and investigations

supported by a single organization. There can be no question

that anything supported by Navy funds oujht to support the

overall Navy mission in some discernible fashion, with the

general philosophy in mind that whatever heXps Navy perform

effectively is also in the national interet. In fact, the

3
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laboratories tend to be product directed, while in ONR it is

the responsibility of program directors to assure mission

relevance.

That there is in fact not very much coordination is the

most natural thing in this modern technological world, as

noted before. Not to belabor the point, may we just

say that coordination among elements of an organization is

seldom perceived as a path to personal or organizational

achievement and glory. On the contrary, competition is

appropriate. In brief, in ONR the payoff is in basic re-

search -- new knowledge; in the laboratories, the payoff is

in developnent of new materials, new equipments, new weapons

systems.

But this is not the only facet of competition. For the

laboratories thenselves are functionally distinct, oriented

toward different aspects of Navy hardware and operatiLns,

and geographically separate. Among other things this means

that although there are officially 12 naval laboratories,

one of these (NRL) is attached to ths Chief of Naval Resea'ch,

and the other 11 do not by any means represent the Navy's

only resources for development activities. There are many

"centers" and "stations" and "Aites" which are also involved

in similar activities. The reason for this, of course, is

that ti-ore are problems to solve, and people will attempt to

solve them according to their own particular capabilities
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and interests. So an organization chart rarely provides an

accurate picture of what is going on at a particular

installation. Besides, American industry plays a large

role in development for Navy.

If we can accept the fact that large organizations are

probably no better organized than we are as individuals in

our daily lives, then it is possible to understand why it

is difficult, if not impossible, to coordinate fully for

naval relevance the wide variety of organizational units

located all over the United States, some within Navy but

many outside, which are si -"ding the money labeled "research",

"development", or "advanced development". While it is human

nature to attempt to fit large groups of people into discrete

functional categories and assume that people so grouped are

performing the specified function, it is common knowledge

that things do not work out this Tay. Scientists inclined

toward application are going to incline toward application

whatever their assigned tasks, and engineers intereated in

basic research are going to find ways to spend their time on

bcsic research.

Unfortunately, this creates some problems:

(1) The organization of environmental data collection,

for example, obviously is not ctimized by assigning the

oceans to one agency and the atmosphere to another. There

is no universal system of data design for either; information
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format is specified by need, and it is hard for a collection

agency to be totally responsive to a variety of needs, even

if communication among agencies were good, which it isn't.

What happens very often is that the functional agency with

a need either uses inappropriate data, or attempts to extra-

polate and translate, or collects its own, or does without.

Meanwhile, the collection agency goes merrily ahead collecting

all kinds of data which are not used by anyone.

(2) There has been little research on the interaction

of environment and military operations (as opposed to a

great deal on the interaction of environment and metal

corrosion, for example). The reason is that no one has the

responsibility for knowing about this except the commander

of an operation. (The only special facets of operations

singled out for attention are intelligence, and much more

recently, logistics.) The commander learns the rudiments of

environmental impact: weather, something about terrain, sea

state, surfs and beaches. But this covers such a wide

variety of complex situations -- this naval ecology -- that

no comnander can possibly give the time and effort to

organize a special investigation. It is still largely an

art instead of a science.

(3) There must be enormous duplication of effort. I

have referred earlier to the wide variety of riverine craft
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V- being produced by a number of different branches of service,

possibly for slightly different uses, but all for the rivers

of the Vietnam delta area.

Conclusions. The impasses created when vertically-

structured organizations are unable to solve inter- and

* intraorganizational problems -- problems which literally

require a "team" approach to solution -- exist throughout

the modern world and are not going to be overcome here. But

it does appear that providing and soliciting information may

be an integrating activity that will help increase the amounts

of cross-organizational communication and coordination with-

out endangering the precepts and validity of the organizations

and individuals involved. I think the concept here is that

there is more power to be exercised in distributing infor-

mation than in withholding information, a concept that most

managers and leaders apparently do not accept.
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CHAPTER 5

THE -KEY ROLE OF A COASTAL INFORMATION SYSTEM

Our conclusions are that environmental impact on naval

operations is significant and that much more is known about

such impact than is applied. Present naval organization is

one of the reasons that ecological data have not been system-

atized and principles of environmental impact applied in an

integrated fashion to all naval functions. This is quite

understandable, and we do not suggest reorganization. Instead,

we believe that creation of a coastal information system would

provide impetus for increased sophistication in the develop-

ment and use of environmental impac-: data -- and would at the

same time help integrate naval functions which now tend to be

separated by organizational gulfs.

If this appears to be a case of rationalizing one's

original goals, let us point out that what we originally

thought to be our objective is also a way of introducing new

ideas without drastically altering the present naval modus

operandi. In other words, the coastal information system is

now not just an end in itself, but a way of achieving a number

of related objectives, by no means the least of which is an

integrating communication system among the organizations

supporting the four basic naval functions. One has only to

look at the impact of accounting systems on the patterns and
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personalities of different businesses to realize the signif-

icance of the form given to information: cost accounting

systems which originated in Germany during World War II are

credited with the incredibly efficient German use of raw

materials, and the same systems apparently were basically

responsible for directing the post war Ford Motor company

toward profits instead of losses. The term "system" is

significant here, because system thinking is integrating

thinking.

The heart of any system is the transformation process --

- the ways in which inputs are transformed to outputs -- because

the outputs are no longer data to be translated according to

the decision-maker's experience: they are, in fact, state-

ments of philosophy and interpretation which help make the

decisions. In effect, the transformation process is the

system, and whoever controls this process can indeed exercise

a great deal of influence, not by withholding information,

but rather by marshalling it -- which means giving functional

activities the pieces of the integrated information ovtput

they require. When we could not make real headway in deter-

;" mining requirements -- and thereby specifying outputs -- we

investigated the transformation process to see how environ-

mental data were being managed within Navy.
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The Transformation Process: Coastal Information

Our first attempt at structuring this process was re-

ported previously (October 1968). We postulated that the

transformation processes were defined by such terms as selecting,

filtering, monitoring, translatinq, factorinq, relatina, summa-

rizinq; that they represented key relationships within the

system and with other systems; and that these relationships

could be "located" at three interfaces. (The term "interface"

tends to be gobbledegook, and for this we apologize.) What

we meant was that at three "locations" in the system the

characteristics of competing, or at least different, functions

had to be resolved in Navy's favor. One of these was the

point at which coastal data entcrcd the Navy system from out-

side sources, and here all relationships other than the

environment/military operation relationship were tiltered out.

Another was the point at which areas of the world unlikely to

have any significance to Navy in the foreseeable future were

screened out. A third was the internal Navy bias which trans-

lates most naval requirements in terms of weapons systems.

As we have defined them, the interfaces are conceptual.

But they should exist in a functional sense if not in an

institutional sense: that is to say, someone, somewhere in

Navy should be involved with these interface functions, be-

cause coastal information dr-a in fact move into and through

the system.
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In terms of these concepts we drew up the Coastal Data

Flow Information System (Figure 8). On the basis of this

we suggested in our first report that the second year's

Feffort be an examination of the real system as compared with
four conceptual system:

The purpose in doing this is to be able to
make some generalizations about the transformation
processes presently at work and to what extent they
appear to be equivalent to requirements. It is a
reasonable assumption that the points at which the
1"real" system and the "ideal" system do not match
are points about which some management decisions can
be made. (p.59)

The "Real" System

The "real" system we took to be those information flows

which supported the entire range of weapons systems activities,

from determination of requirements to design and exploratory

development, from test and evaluation to advanced development,

1. from transport and storage to use and maintenance. In fact,

our contacts with the laboratories indicated that the weapons

system orientation was real, and the approach to weapons systems

procurement in Navy is in every sense a system: the various

aspects of the system are charted in Figures 4 and 5. What

these charts do not indicate is the input of environmental

data required for such a process. A comparison with the process

chart drawn by Sykes (Figure 3) shows how many possible omis-

sions of environmental data occur.

Although the documents themselves -- the GOR's and their

Icorresponding SOR's and TSOR's, and the feedback documents,
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TDP's, EDP's and PTA's, contain varying amounts of environ-

mental "requirements", and there is a general framework of

military environmental standards, our interviews with labor-

atory personnel clearly indicated that environmental data are

much more prevalent in the process than indicated by the docu-

ments thesiielves.

We believe that the role of coastal (environmental) data

is much more fully portrayed in Figure 9. Environmental data

are supplied to the fleet and to CNO from a variety of intelli-

gence and environmental data disseminating sources. These

sources are also used by the laboratories, which can draw upon

ONR as well as many outside agencies for environmental data

they need; anO many laboratories collect data informally

themselves. Industry probably has about the same sources as

do the laboratories.

Evaluation. This is a system with many hiatuses, largely

because it is a system only informally -- because we have

chosen to regard it as a system. Weapons systems procurement

is indeed a system, and a formal one. But coastal information

as a supporting system for all naval functions in support not

only of procurement (design and development), but also use,

transportation, storage, and maintenance of weapons systems

does not exist. If there were a formal system, it would have
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these characterictics which are nuw missing:

(1) Environmental data would be translated into immediately

applicable informaLion outputs for each of the four functions:

as it is, there is very little difference between data inputs

and data outputs, and there is no environmental data system

designed to meet the needs of either the research function or

the development function;

(2) There would ":e feedback of operational data from

industry and laboratories to CNC and Fleet Command: instead,

numerous reports are generated which are not even circulated

among laboratories;

(3) There would be feedback of scientific data from

research to industry and laboratorics: instead, reports are

generated which are available on the same basis as laboratory

(and industry) reports.

Notice that these points relate only to what we have

called the weapons systems interface -- in other words, the

internal-to-Navy process of translating and marshalling

information in support of the four basic functions. The

Priorities interface probably exists in some fashiont there

was no point In investigating what is probably a highly

classified activity until an actual information system was

put into operation; it is enough to specify the requirements

for the activity. The relationships interface consists of

a hodgepodge of contacts with information sources outside
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Navy; it can be defined to some extent when the system is

designed, but it will probably continue to be a hodgepodge

because environment-military relationships are not very

exclusive.

A Theoretical System

Examination of the present system and what was missing

from it, when coupled with the investigation of the develop-

ment potential of naval ecology, convinced us that it was

now possible to specify in some detail the nature of a theo-

retical coastal information system responsive to naval require-

ments (Figure 10). The following are our specifications:

INPUTS

(1) Rclationships da-a. Incorporating the basic con.-

cepts of the model of naval ecology, the heart of system

inputs is a data bank which contains all available information

on the relationships involving components of environment with

components of weapons systems -- i.e., all materiel, equip-

ment and personnel in all possible activities subsumed under

design, test, evaluation, etc. Inputs to this data bank are

categorized in all possible ways, so that relationships data

can be retrieved, grouped, and analyzed from the varying points

of view of elements or aggregates of environment, location,

relationship (kind of effect), class of thing or person, cate-

gory of activity, stage in weapons systems process, etc. (Our

exercise with three-dimensional matrices shows this is possible.)

These data come from any possible source, but primarily, one
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would think, from military laboratories and from industry.

There may be several classes of such relationships infor-

mation, but at the very least there should be two: (a) rela-

tionships which are in some sense "preliminary" or "explora-

tory" or even "hypothetical", and (b) relationships observed

often enough to be stated as principles of naval ecology.

The latter are the most useful, of course; the former indicate

a need for further investigation, perhaps; and an absence of

either in significant areas of developing weapons systems

components is a signal for activity in development or research

or both.

Information, or lack of information, in the data bank

should be immediately available on requcst to 01, all naval

laboratories and development centers of whatever type, and

industry supporting naval weapons systems development.

(2) Environmental data. The data bank is the basic

input to the system: in terms of its stated relationships

environmental inputs are generated. A relationship will

specify environmental conditions: this generates a request

for data, and it should be known whether the necessary data

exist and if so in what format, coverage, etc. If the data

required are such that statistical means or probabilities

are insufficient, sources of predictions should be indicated.

If data are in any sense unavailable, this information should

be stored. Relationships firm enough to be stated as principles
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should be backed up with all available required data: this

means essentially having a constant input for such relation-

ships. There should also be constant input for frequent

requests and a knowledge of source for infrequent requests.

In other words, environmental data are acquired and stored

and supplied according to need. The system should be respon-

sive to all requests for environmental data, including the

once-in-a-decade type, but the location of such data in the

system and the format of its output should be determined by

frequency and priority of need.

(3) Priority inputs. To limit the.size of the transfor-

mation process (but not the data bank, which should include

all known relationships and sufficient environmental data,

as defined above), four inputs will establish priorities for

region, operation, weapons systems, and environmental impact:

(a) Priorities will be assigned to such regions

as may be considered strategic for naval

purposes.

(b) Each such region will be defined in terms of

probableo2perations.

(c) Each operation will be defined in terms of

weapons systems components priorities -- which

are most critical, least critical, etc., to

success of the operation.

(d) Each component will be described in terms of

its sensitivity to environmental impact.
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OUTPUTS

We previously specified three levels of outputs, the

first being priority information on region and operation; we

have now categorized this as an input, leaving two levels uf

outputs: command level and support (operating) level (Figure 11).

The distinction between these two levels is the same for all

functions: command level outputs are limited to high priority

regions and operations, and to critical and sensitive weapons

systems components. Management can thereby measure its re-

search and development programs in terms of how well they

are adjusted to the Navy's most urgent needs, and those in

command of strategic planning and operations will have only

the information they need to support the level of decisions

they must make. Otherwise the output is designed to meet

the purposes of the particular function. To the extent that

these can be anticipated at this point they are:

(1) For environmental research. Environmental unknowns

(needs-to-know) about distribution, probabilities of occurrence,

intensities, predictability, relationships with other environ-

mental elements, etc.

(2) For weapons .ystems development, test and evalu-

ation. We arbitrarily divide this process into applied re-

search and all aspects of development:

(a) Appliod research - all unknowns about environ-

ment-weapons systems relationships.
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(b) Development - all data on relationships, in

support of improved design (application) or

improved use (adaptation). All environmental

data for the specific conditions of design

indicated in GOR's and related documents.

(3) For strategic planning:* statements of the nature

and extent of probable environmental impact on weapons systems

components available for use, giving modifying place, season,

and time of day options.

(4) For operations:* statements of the nature and

extent of probable environmental impact on weapons systems

components being used, giving such place and time options as

are possible.

* To an important extent Lhe support or operating

level data in these cases are instructions about

optimum techniques of operation, supplied either

in actual training or in training manuals and

therefore given only to the operator or user

of specific components (Level 2 deleted, Figure 11).

TRANS POMRMTI ON

Given those inputs and outputs, it is now poafible to

be more speciLic about the transformation processis

(1) Tran . The major data change process involves

the two activities at the center of the naval ecology mudel:

(i) aggregating impact data by weapons systems, and
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(ii) assigning weighting factors to components according

to the importance of their contribution tc an operation.

The technique of using these methods to translate relation-

ships data into probable impact statements will be a major

factor in developing the system.

(2) Selection. By far the most prevalent process is

simply selecting appropriate data according t- functional

needs or according to specific requests to the system: the

interlocking categorizations and real interdependencies of

the three classes of inputs make a wide variety of selection

systems possible, particularly in an automated system.

(3) Marshalling. Routing only r,.levant data to poten-

tial users is a very powerful asp'ct of transfcrmaticn.

Marshalling 4lso routes relevant data to transiation and

selection.

Evaluation. In our various attempts to diagram aspeicts

of a postulated -- as opposed to real -- system (Figures 7,

8, 10, 11) we have avoided designating elements of naval

organization. There is a tendency to equate research with

ONR, development with the laboratories, strategic planning

with CNO and operations with Plect. However, the ntme and

locus of such a system, the courees of its data, and the

agoncics to which the outputs go all remain relatively

abstract. It would serve no purpose to attempt to ident'ify

elements of organization prematurely, and as our proposals
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for initiating developmenL indicate, this is a process in

which the initiative must come fortuitously -- from the

agency or agencies which perceive the requirement.

Our basic evaluation of this exercise is that if it is

important to the Navy to have such an information system --

then it is possible to develop one. The rudiments of both

the science and the information system exist now. By under-

standing and carefully working out the process of develop-

ment, one should be able to upgrade these rudiments into

effective systems rather soon.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

In our original proposal to ONR (September 1967) we

said, "The problems of structuring (a coastal information)

system are vast, while the problems of im- lementing the

system, once it is structured, are minor . . . . Therefore,

this proposal is addressed to the problems of concept and

structure which must precede implementation."

Unless we are badly mistaken the problems of concept

and structure were not so vast as we thought at the time --

if our solutions are acceptable. Meanwhile, in the process

of working on these problems we believe we have learned

something about the process of implementation.

Conclusions

We have concluded that environmental impact on naval

operations is significant; that the rudiments of the science

describing and measuring this impact exist (we refer to this

as naval ecology); that an information system can be created,

based on principles of naval ecology, which as it evolves

will improve naval eLectiveness.

We believe that such an information system will provide

the focus by means of which an effective interaction can be

established among the four basic Navy functions -- strategic

planning, operations, weapons systems development, and
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research; will provide the stimulus for defining and acting

upon principles of environmental interaction; and, therefore

will have a desirable impact on system effectiveness. This

belief is based on evidence of the pervasive influence upon

organizations of the introduction of systematic data mar-

shalling -- typically of accounting systems, of logistics

and personnel information systems -- in fact most management

information systems.

Recommendations

Our conclusions led us to two distinct but interrelated

recommendations: development of a body of coordinated knowl-

edge termed "naval ecology" and creation of an information

system. The first can best be described as empirical research --

the patient piecing together of empirical data into a useful and

valid body of knowledge. The second is part adaptive innovation,

part technology, part management. In the process of developing

both an understanding of enviromnental interaction and appli-

cations of that understanding, the two activities are necessary,

because it is on the basis of a framework of environment-weapons

systems-operations relationships that all levels of an infor-

mation system can eventually be created.

I6
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Recommendation 1. Construct an Empirical Model

of Naval Ecology Based on Data From Service

Laboratory and Engineering Centers

Our discussions with naval laboratory personnel indicated

in many cases a real concern with environmental impact. A

large proportion of the studies carried out at the Naval Civil

Engineering Laboratory, as indicated previously in this report,

had to do with one or another aspect of environmental relation-

ships. A survey of the Technical Abstract Bulletin showed

titles of apparently relevant reports from the following

naval installations:

Naval Weapons Center
Naval Ship Research and Development Center
Mine Defense Laboratory
Naval Inshore Underwater Warfare Group
Naval Underwater Warfare Center
Naval Air Development Center
Naval Air Engineering Center
Naval Avionics Facility
Naval Medical Field Research Laboratory
Naval Medical Research Institutes
Naval Missile Center
Naval Oceanographic Office
Naval Personnel Research Activities
Naval Radiological Defense Laboratory
Navel Supply Research and Development Facility
Naval Training Device Center
Naval Underwater Weapons Research and Engineering

Station
Naval Weapons Laboratory
Navy Electronics Laboratory
Navy Marine Engineering Laboratory
Navy Underwater Sound Laboratory

For a variety of reasons there is no attempt to correlate

such studies, except on an individual basis, and there is no

central clearing-house of engineering reports. Within Navy
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there is nothing standard about the bibliographies that are

published. Functionally oriented organizations in topically

V oriented societies simply do not encourage complex, inter-

disciplinary collaboration.

In addition to such reports, COMOPTEVFOR regularly tests

naval materiel (in our language, components and subcomponents),

in operational and geographical environments; there are hun-

dreds of reports specifying the findings of such evaluative

procedures.

Therefore, it seems desirable and feasible to begin to

construct a model of the applied science, naval ecology, using

the empirical data reported in naval studies such as those

referred to, plus studies made by similar organizations in

Army and Air Force. The suggested approach relates directly

to the functions and categories and relationships diagrammed

in Figure 7 (particularly the basic data phase) as well as

to the information system portrayed in Figure 10:

Step 1. Collect all available relevant bibliographies

from all services, and concurrently,

Step 2. Select eith-r all reports dealing with vehicles

and structures, or a very large sample of all such reports;

select from these reports only those in which the relationship

between the thing reported on and environment is stated ,rer-

bally and the conditions of the environment producing the

relationship are in some sense quantified.
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Step 3. Extract data from all such selected reports,

coding the data in a wide variety of ways; for example:

* Hierarchy of components and subcomponents

landing craft
electr:onics systems
navigation

circuitry
transistrrs

communications
etc.

engines
electrical systems
etc.

hull
etc.

* Functional category or categories reported

use
test
transport
storage
maintenance

* Operation or component of operation

amphibious
landing craft
helicopter operations

surveillance
personnel movements

etc.

* Description of the relationship

corrosion trafficability
erosion mobility
shorting habitability
fouling
swamping
pollution
rusting
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* Functional outcome of relation hip

degradation
deterioration
malfunction
fatigue
failure

Environmental situation producing specific effect

sea state
visibility
soil bearing ratio
slope
humidity
barriers

* Measurement of environmental situation producing
extreme effects:

function failure or serious restriction
movement prevention or serious inhibition

• Techniques for offsetting undesirable functional
outcome

application adaptations

coating air conditioning
insulation treatment
new materials preservative

Step 4. Broaden scope to include all categories of com-

ponents and subcomponents for which data exist.

Step 5. Perform machine analyses of collected data; for

example:

* Aggregate data by incidence of (e.g.):

Kinds of effects for major components
Functional categories reported for major vom-
ponents

Relationship descriptions for major components
Functional outcomes by subcomponents
Extreme effects by major components
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Analyze data in a variety of ways, e.g.:

Specifications of environmental situation
by effects

Specifications of environmental situations
creating extreme effects b? major components

Specifications of environmental situations
creating extreme effects by operations and
components of operations

Step 6. Attempt to construct an empirical model of naval

ecology, based on the previous analyses, such that given an

operation and its major weapons systems components one can

predict:

Components most likely to be affected by environment
Components most likely to be extremely affected by

environment

Step 7. As outcome of model construction'attempt, point

up areas of ignorance, as follows:

Missing axes in the coded data of Step 3, by com-
ponents and subcomponents

Components not reported
Environmental information necessary to predict,

for example, geographical areas exhibiting
extreme effects for specific components.
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Recommendation 2. Design a Prototype Coastal

Information System for Amphibious Oerations,

Command Level Outputs

An information system can only be usefully introduced by

the people who will manage it, contribute to it, and use it --

because it is a product of all these things. This is the

basic argument for building on present systems, for providing

constant tests of system effectiveness, and for carefully

choosing the techniques of development, system hardware, and

above all, the format of outputs.

Our philosophy thus far has been to develop concepts and

structures which are meaningful to the present Wavy. It is

for this reason that we have sought our data (for the systems

analysis we have undertaken) from the Navy itself. The major

distinction between our concepts and actual Navy practice is

a distinction between the way organizations function and the

way information systems function. Information systems, as

opposed to data flows, are relatively new concepts. And the

real significance of information systems, we believe, is

their capability of increasing organization effectiveness

without necessarily changing organization structures.

In other words, we believe a weapons-systems oriented

environmental information system may do far more than improve

decision-making and Lystoms operation effectiveness; it can
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create common goals meaningful to all functions, and in doing

this it can create a common language which will unite for

more effective performance the diverse human elements --

officers, engineers, scientists, administrators -- who make

up a complex organization like Navy.

But it can only do this if it reflects the present capa-

biliti: --4 outlooks of these people. Its purpose is not

to replace any present functions, but to support present

functions in such a way that both effectiveness and develop-

ment are improved. Our suggested approach to creating a

prototype coastal information system for amphibious operations

for command outputs will therefore be based on two analytic

exercises incorporating Navy logic and procedures: one will

be an operational monitoring of an amphibious planning exer-

cise; the other will be a systems analysis of an amphibious

operation aimed at establishing sub-operation priorities and

environment sensitivity. The system itself is based on the

general design reported on the previous pages.

In this way we can be sure that the information system

does not go beyond the state of the art of amphibious warfare

and that it does not contain what data-recipients would con-

sider irrelevant data. The "new" element added will be the

transformation process, which will both translate and marshall

information to expedite the communication process among
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Navy functions as these bear upon amphibious warfare and

its related weapons systems.

One thing that must be kept in mind is that no coastal

information system is going to provide all of the coastal

data that individuals want. It is safe to say that collection

activities -- across the whole spectrum of sophistication

from an orbiting sensor to a frogman's estimate of wave

heights -- go on throughout the Navy, in all functions. This

will continue. But the collection syndrome is a sensitivity

to be built upon, not a condition to supercede. In other

words, a Navy coastal information system will perhaps contain

only a fraction of all coastal data collected within the Navy

alone, but the data it does contain should be high priority,

critical, extremely relevant -- it should, in fact, be a

basic resource for decision-making of a sort that shows the

close relationship among all Navy functions.
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Suggested Approach

Essentially four interrelated but separate work phases

are planned:

(1) One is the detailed monitoring of an amphibious

planning exercise, in which Matrix personnel will not only

observe, record, and question, but will also discuss with Navy

and Marine counterparts the nature of every point in the exer-

cise at which environmental data arc brought to bear or are

not but should be brought to bear in someone's opinion. This

will acquaint the Matrix team with the environmental compo-

nents of Navy planning procedures and the Navy-Marine team

will be sensitized to environment as a pervasive factor.

(2) A second is the analybis of an amphibious operetion,

the two immediate objectives being (a) to establish a range

of priorities for events and the weapons systems supporting

those events, and (b) to establish critical environmental

parameters for high-priority-event systems (see previous

chapter). These procedures should limit the universe of

possible environment-system relationships to those which are

really critical for conunand decisions for stratogic planning

and operations, should reveal critical areas of environment-

engineering priorities to development, and may reveal as

research guidelinas areas of ignorance of environmont-weapons

systems relationships or oZ basic environmental knowledge.
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(3) The third is design of the system, following the

system definition of the previous chapter, which involves

specifying data outputs to each of the four functions in(
terms of their own requirements, and in terms of a specific

location. This means providing the strategic planner with

critical environmental parameters for high priority events

in amphibious operations, as well as with the probabilities

that "inhibiting" or "preventing" levels of these parameters

will be reached at a specific location at various times.*

It means providing the commander of an operation with similar

data for a specific location for some more limited time

options, so that the predictions are more precise and pre-

sumably more accurate. It means providing the development 4

engineer with information about the weapoxis systems components

which are both critical to the operation and most environment-

sensitive, and therefore least reliable. It means providing

tast and evaluation with sets of significant questions about

-system components, questions which cannot be answered with

current knowledge. It means providing research with similar

i I questions -- about the incidence of environmental conditicns,

*It may also be possible, although probably not in the course

of this study, to provide a decision-making matrix for the likely
situitions in which there is no straightforward "go-no go" con-
dition, but rather a mix of different levels of environmental
impact upon various aspects of the operation; for examplp, there
may be a serious inhibition of supporting air operations but
ideal sea state for amphibious landings, and these are the
marginal decision-making situations in which some objective help
is ureful.
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about the predictability of certain environmental factors,

about the interrelationships of environmental processes,

etc. -- which cannot be answered with current knowledge and

which relate directly to high priority events in amphibious

operations.

The process of translating environmental data into infor-

mation outputs such as these and directing them to the proper

recipient is a significant part of the transformation process.

The chief task of this work phase will be to create a process

of translating data in ways which hopefully can be duplicated

by computer programs. A subordinate task will be to identify

data sources which can currently be used as inputs, as well

as requirements for other data sources which do not now exist.

(4) The fourth is system evaluation.

The entire process is aimed at demonstrating that it is

possible to create a manageable system which provides only

high priority data in a translated form of immediate relevance

to its recipients, a system which at the same time provides

different Navy functions with an additional common basis for

interacting -- i.e., the environment-weapons system relationship.

The prototype will apply to only one operation in one

location for command outputs alone. Thus it is only a small

beginning. However, even this beginning will be designed

selectively to provide data for only critical events and envi-

ronment-sensitive system components used in those events. Thus
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II
the system will be designed to meet urgent requirements at

the outset and to establish priorities for decision-making in

the various functional areas it serves. Its overall priority

depends only on the importance the Navy attaches to amphibious

operations as compared with other types of operations.

Work Phase 1. Monitoring'a Simulated

Amphibious Operation

It is the basic purpose of this work phase to examine the

* information flow processes during the development and simulated

execution of an amphibious operation to determine current prac-

tice regarding the use of environmental data. The monitoring

process is used to establish: 1) the form, content,and signif-

i-ance of required environmental inputs to planning, 2) the

v identity and functional relationships of filter sources to the

* planning organization, 3) the synthetic processes required of

filter sources and their rationale for data reduction and

interpretation, and 4) the data sources upon which filter

K sources rely and the forms in which data are transmitted to

them,-'all of which concepts were developed this past year.

These things are to be achieved by means of the following

work steps, which are stated here in great detail inasmuch as

this technique has not been used in previous phases of the
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Coastal Information Project:

(1) The Navy and/or Marine Corps initiates a planning

program for a typical operation and Matrix personnel monitor

the planning operations.

(a) Determine the planning staff composition:

i) By command relationships.

ii) By function within the command.

(b) Assign Matrix staff members:

i) As counterparts to those planning staff

members whose functions particularly re-

late to environment.

ii) As a counterpart of the decision level.

(2) In those areas of the planning and simulated execution

of the operation relating to the coastal environment, Matrix

monitors have access to the number of environmental parameters,

the form in which the information is supplied to the planning

organization, the method of information transmittal, the origin

of the information, and the time sequencing of information flow

to the planners.

(a) Establish Matrix participation ground rules to

the operation to allow:

i) Interruption of the activity to exavine

the environmental parameters made use of

in the operation. The interruptions allow
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Matrix counterparts to record:

o Nature of requirement from planning.

o Origin of requirement from planning.

o Form of requirement from planning.

o Chronology of requirement from planning.

o Information source used.

o Time duration between request and
I"-

response.

o Form of response.

o Content of response.

o Their (and their 6perations counterpart's)

judgments of the response into the plan-

fning operation.

0 The judged adequacy of the response by

their planning counterparts:

I V(If adequate, Why?)

(If inadequate, Why?)

0 The relevance of the information to the

plan as judged by its use in the plan

and/or the judgment of counterparts.

o The significance placed upon the infor-

mation at the decision level.

ii) Recording the chronology of events in the

overall planning and simulated execution

of the operation.

i7
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(3) In addition to monitoring the planning and execution

processes, Matrix staff examines jointly with the Navy/Marine

Corps planning staff:

(a) The relevance of the requested information to

the operation.

(b) The usefulness of the information in the form

delivered to the operations planning group.

(c) Those areas relating to environmental parameters

which would be useful, perhaps crucial, to the

operation but which currently are not available

or might never be available to planning.

(4) Following the exercise Matrix examines the infor-

mation inputs into the operation to establish:

(a) The information inputs of the planning-execution

exercise.

(b) The input information used in the planning-

execution exercise.

(c) The input information that may not have been

used for reasons of:

i) Irrelevance

ii) Delivery in unusable form

iii) Untimely receipt of information

iv) Other

(d) The information of use and critical to the

planning-execution of an operation as conducted.
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I [(e) Estimates of the time sequencing of information

input requirements.

(f) Estimates of the adequacy of form and content

of current input information.

(g) Conceptualized computer-assisted input systems

to the planning and execution efforts.

(5) Examine the information filters between the planning

and execution levels and data acquisition for:

(a) The determination of data sources used in their

activities.

(b) The form of the data or information which they

use (i.e., raw data, semi-processed, processed

and intcrpretcd) in the filter process.

(c) The synthetic processes used in providing infor-

mation to the planning and execution levels of

use.

(d) The quantities and types of information and

data gathered.

(e) The quantities and types used in the synthesis.

(f) The types of operations to which they provide

inputs -- if more than one.

(g) The suitability of current information inputs

into their filter system.

i

i - 81 -



(6) Examine the data sources utilized in the operation

to:

(a) Determine estimates of reliability of sources.

(b) Establish whether alternate or more extensive

pertinent data might be available from other

sources.

(c) The time requirement between data collection

and transmittal to filter sources.

(d) Conceptualize computer-assisted data trans-

mission to filter sources (which may become

a computer activity).

(7) Conceptualize a computer-assisted progran, from data

collection to the planning-execution level.

Work Phase 2. Systems Analysis of Amphibious Operation

It will be useful to think of an amphibious operation as a

system the output of which is attainment of a stated mission.

The mission, which is a very general statement of accomplishment,

can be broken down into more discrete components: mission into

supporting goals, goals into supporting objectives, objectives

into required events or activities (the transformation process),

activities into weapons systems components, or mon-machine-

materiel combinations (the inputs). The analysis will bo based

upon Navy-Marine perceptions of such an operation, and it will
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provide nothing new except that it will structure and specify

the logic of the relationships of people, materiel, activities

and achievements.

This arrangement will enable experienced people to make

t- better judgments about, for example, the priorities of activ-

ities with respect to mission fulfillment. It will enable

Matrix personnel, who are well acquainted with known data on

environmental impact on men and materiel, to select critical

components to identify in some range of environment-sensitive

priorities. In effect, the objective of this phase is simply

to reduce the complexity of environment-amphibious operations

relationships to their most basic factors.

The steps involved are:

(1) Analyze amphibious operations. Ask experienced

officers to review and criticize analysis. Ask samo officers

to assign priority system (1, 2, 3) to each level of system

outputs and to each activity package.

(2) Identify environmental parameters for all weapons

systems components involved in high priority (1) activities.

(3) classify components according to sensitivity to

environmental effects: i.e., those which are prevented by

some environmental condition of low-to-mdium frequency of

occurrence or those which are inhibited by some environmental

condition of high frequency of occurrence.
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Work Phase 3. Designing a Coastal Information

System for Command Outputs

Working out the ecology of system components for a specific

location will require the following steps:

(1) Analyze environment-component relationship: set

"prevent" and "inhibit" conditions if possible.

(2) On the basis of above analysis, provide strategic

planning outputs indicating probability of encountering "prevent"

or "inhibit" conditions at various times, indicating basis for

making such judgments from data so translated.

(3) Where information deficiencies exist in either (1)

or (2), indicate type: e.g., nature of impact relationship.

basic data, etc.

(4) For all "prevent" or "inhibit" conditions for some

specific time period (e.g., two weeks), provide operations

outputs indicatinq probability of existence of such conditions,

indicating basis for making such judgments from data so trans-

lated.

(5) Provide development outputs of followingj types:

all critical components with high environmental sensitivity;

all areas of ignorance of environmental impact relationships.

(6) Provide development outputs (test and evaluation)

with all known relationships and specific "prevent" aad "inhibit"

conditions.
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(7) Provide research with all translation procedures,

F! particularly those which involve excessive extrapolation or

[ interpolation and those with low reliability quotients (particu-

larly some aspects of prediction); also provide all required

new forms of data (not routinely collected), which may either

have to be inferred from present, related data or collected in

appropriate form; also provide all relationship problei.s.

V (8) Decide on appropriate format and language for all

outputs (2, 4, 5, 6, 7) with recipients.

(9) Specify data sources to be used on a regular basis.

(10) Briefly evaluate programing complexity and other

problems involved in automating such a system.

Work Phase 4. Evaluation of Prototye System

Once the coastal information system for comnan outputs,

amphibious operations, has been created, it must be evaluated

at input, transformation, and ouitput levels to determine

feasibility, acceptance, cost and time factors, etc. The

following steps arc involved:

(1) Define in detail all required input data:

(a) Definition: units of measure, meaning, signif-

icance, and illustrative examples.

(b) Derivation: identification at lowest level and

process of development from the lowest level.

(c) Source: where data are now stored and how

currently collected.
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(d) Format: in what forin data are stored, i.e.,

digital, microfilm, written text, v.aps,

tables, etc.

(e) Quantity: how much information is available

and what coasts in the world are covered.

(2) Analyze data list and formulate for fe ibility

tests. Determine basic data characteristics such as: maximum

number of digits to describe; location reference coordinates

required; general priorities during Strategic Planning, Opera-

tions, Weapons System Des and Development, and Research;

minimum processing required under various system concepts;

accuracy and validity under initial conditions and under up-

date or system maintenance conditions7 quantities per coasta l

description unit (mile of coastline, unit depth of water, etc.).

(3) Define in detail all translation procedures:

(a) Prediction systems.

(b) Probability statements.

(c) Inference of "inhibit" or "prevent" situations

from data.

(d) Statistica! tr~tmant of data.

(e) Feedback procedurest areas of ignorence, of

excessive environmental sensitivity. etc.

(4) Analyze feasibility of daLa base structure and com-

puter application. At a relatively high functional level

simulate operation of a system -- computer and data base
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aspects -- characterized by data as defined in (1), (2) and

(3) above. The objectives of the exercise are exploratory:

to identify problem areas or weaknesses, to determine ned

for modification or expansion of basic concepts, and to pro-

vide guidance for parallel and future development efforts.

Manual, or rather informal, simulation is therefore indicated

using the experience gained in Work Phase 1.-

(5) Because the most appropriate evaluation probably

comes from a careful investigation of the data packages by

representative users, it is suggested that appropriate users

not only be given the packages but also a thorough briefing

on how they were designed, before they are put in final form

for a report. Thus any failures to judge correctly the users'

acceptance or rejection of such data can be corrected.-
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SUMMARY OF TOTAL PROJECT: PHASES I AND 11

The objective of Lhis project was to design a coastal

information system responsive to Navy needs. The project

F started two years ago. The first year was devoted largely

to an attempt to determine outputs (requirements) of such a

system, and was reported on in Octobe r 1968 (DESIGN OF A

COMPUTER-ASSISTED COASTAL INFORMATION SYSTEM: PHASE I.

OUTPUT STRUCTURE). In the course of investigating what the

Navy thought were its needs for coastal information, we dis-

covered that the appreciation of environmental impact is

about as random in Navy as it was several years ago when we

1studied Navy logistics in this context (ENVIRONMENT AND

LOGISTICS, November 1955). It was obvious that we were not

going to get very concrete answers about requirements unless

we put the question in a very cogent and relevant fashion.

I This meant developing some framework within which to infer

requirements, and

The basic objective of the project as it devel-
oped was to sketch the overall coastal information
system as it looks at the moment, identify the prob-
lems, constraints, and prospects which face the
system, and within this framework make a more precise
statement of Navy requirements in the format of an
output structure. (Phase I, p. 2)

Our conclusions at the end of the first year were that

the next steps were to investigate Navy information flow

processes as these involved environmental data, and con-

currently to examine the coa,- tal information requirements of

- 88 -

1 .. . . .



the research function. In other words, we were still con-

cerned with outputs (requirements), but now much more in

terms of the bases for such needs instead of the recognition

by users of those needs. In the process of doing these

things we have looked -- somewhat incidentally -- at the

significance to Navy of environmental impact; we have queried

naval laboratory personnel on their use of environmental data

in weapons systems development. We have investigated at the

same time the ecology of naval activities, in an effort to

determine how needs for environmental data, and translation of

such data to meet those needs, might best be satisfied. We

believe we know how to develop the ecological model for such

a system -- in effect, putting the integrated picture of

naval environments together in such a way that all users can

see their requirements as they relate to the requirements of

others. We believe we know how to introduce and develop

such a system in such a way that it will be a Navy product,

not a consultant's dream. And these are our two recommenda-

tions for further work.

Because the work of the past two years is a continuous

research effort, and because e eaders of this report

might not easily have access to the previous report, we have

attempted to summarize the total project in the relatively

few pages of this summary. This is not intended to be an

abstract of both final reports. There is an abstract for
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[ each. It is intended to be a description of our objectives

and our efforts, plus a self-evaluation of progress. There-

fore, it is organized in the form of answers to three questions

that anyone interested might ask us personally about the work.

Answers to Basic Questions

The work on the first two study phases can perhaps best

be summarized by attempting to answer three obvious questions:

(1) Why undertake a project to develop a geographical data

system which is potentially so large and complex? (2) Why use

the systems approach in this undertaking? and (3) Has any con-

crete progress been made?

Why a geographical data system? There are two answers to

this question, both equally important. Note the use of the

word "system", implying that the objective is not to create a

data "bank" for storing and retrieval of raw data*, but rather

* Coastal information can be taken to mean any data which can
be identified as applying to some specific coast or coastal
location. Such information is geographical because it has a
location or space component. Geographical information is
almost limitless. It includes information about coastal waters,
the physical coast and the atmosphere above it, the man-made
structures which occur on or off the coast, and the people
who occupy the coast. Such information is the raw material of
many sciences; it is structured and classified in a wide
variety of ways for a wide variety of purposes, and it is
available in a wide variety of forms.

In its present form, coastal information is not an infor-
mation system. It is a complex of subsystems each meeting
different requirements. For example, coastal navigation
charts, warning and identification devices, together with such
data collection devices as radar and sonar, could be called a
coastal navigation information system -- and a highly useful
one. Or data classified in such a way as to identify and
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to create an information process which accepts specified raw

data and transforms them into data specifically tailored to

the requirements of various users.

(1) To transform geographical (environmental) data in

such a way it is necessary to understand how the environment

interacts with men's activities. This is human ecology, one

of the least studied "disciplines" in the contemporary scien-

tific roster, yet unquestionably one of the most important to

man's survival. ONR's interest in "coastal information" pro-

vides the opportunity to study naval ecology, which is differ-

ent only in general objective from human ecology. While most

of the Navy's missions involve deployment of some sort of

weapons system, the bulk of the activities and materiel in-

volved in many non-naval activities, especially when one

abstracts the nature of the activity -- e.g., movement, obser-

vation, etc. Thus the opportunity to study the interrelation-

ships between environment and given sets of men's activities

is inherent in the problem of designing an information system,

and there is no relationship more fraught with both danger and

opportunity in the present technological era: it is, in other

differentiate coasts on the basis of coastal processes could
be called a coastal geomorphology information sub-system.

The term coastal is a construct, the boundaries and
nature of which are not currently definitivo but are a function
of the collection and the use of data. In this study, coastal
information is treated as a sub-set of the universe of geo-
graphical data of interest to the Navy.
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[" words, very much worth investigating, both for the Navy

and for mankind.

f (2) One of the major concerns of the world today is

communicating information effectively. As research has pro-"[-
liferated in the post-World War II era, the amount of new

- informatiLon has greatly exceeded the capacity of present

communications systems to provide people with the data they

could use if they knew about them. This is called the era of

the computer because that device has the -otential, at least,

to help solve the problem. But too often the computer is used

simply to store large amounts of information; an analogy would

be hitching a horse to a modern automobile. The computer can

be most useful if it is used not to store and regurgitate raw

data but instead can take the raw data and transform them into

much more useful outputs. This general problem has plaguea

chemistry, in particular, because the discovery and use of new

compounds and processes is a very large business. In a less

obvious way, but in a way that is now becoming more and more

apparent, the problem is plaguing all of the activities which

'- involve a real knowledge of the interplay of environment and

human behavior -- city planning, development planning, strategic

planning, military intelligence, otc. The fact that geographical

I data are so vast, encompassing so many different disciplines,

and that human behavior in its many manifestations is equally
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vast and encompassing, has discouraged the kind of inter-

disciplinary effort that is necessary if a geographical data

system is to be conceived.

And there are certainly problems to be solved before a

system is created. These were summarized in our previous

report as follows:

(1) User-oriented problrms. The major human
problems which affect the effectiveness of an out-
put structure have been discussed:

(a) Perhaps the single most important
problem in the development of a geographical infor-
mation system (military intelligence, urban and
regional planning, tax assessment, etc.) is the
problem of involving the user in the .development of
the system. To be involved appropriately, he must
have some real appreciation of the rules governing
the operation of the system; he must be able to
state his requirements for such information; he
must be willing to submit to the rigors and con-
straints of establishing informational priorities;
and he must have some comprehension of how the trans-
formation system works and what its language is.

(b) The user must use the system
"properly". He must learn to ask questions in
operational terms and expect answers in those terms.
If, as so often happens, he asks for the answer
plus the supporting data, like the commander who
wants to look at the weather chart before he accepts
his aerologist's advice, the system will not work.
(This explains the emphasis on "levels of speci-
ficity".)

(2) Data processor-oriented problems. The
world of geographical data processing is a complex
world of processing and reprocessing. Gcoa nphical
data which have bcen collected in verbal, analog,
digital, and visual formats are summarized in visual,
analog, digital, and verbal formats; they are summa-
rized in terms of hourly, daily, monthly, and annual
time units, nnd they are summarized in terms of
every size and JIhape of areal unit imaginable; they
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are generalized in the form of principles of cause-
effect relationships; and they are mixed with other
kinds of data in varying proportions and summarized
again for varying purposes. This is a very normal
condition, because so many people are interested in
so many different aspects and uses of geographical
data. (An analoguous situation might be a telephone
system for which the directories were put out for --
and by -- classes of customers on the basis of the
major uses of the telephones and geographical distri-
bution, with no capability of pulling all the direc-
tories together into one.) It creates serious prob-
lems for the data processor. Caught between an array
of some ultimate information users and a wide vari-
ety of raw- or processed-data suppliers, he finds
himself constantly trying to interpret statements
of requirements, understand the langaage and format
of many kinds of data, and develop a program which is
not only compatible with requirements and data inputs,
but also with the hardware available to him and his
experience. As a result, he introduces these pr:ob-
lems into the system.

(a) Trogramming problems, which can be
interpreted as great investments of time and money
in the process of mutually educating user and data-
processor to each others' needs. Cost and time con-
straints, or the inability of the data processor to
understand the problem, lead more and more to the
use of developed (canned) programs which may meet
the user's needs only peripherally.

(b) Output format problems, in which the
answers are in a form not intelligible to the user
without considerable effort or further education.
This is one of the most common problems of users of
geographical information, and it is a major obstacle
in the way of greater use of computer-asisted sys-
tems.

(3) Data collector-orignted problems. It used
to be almost entirely the case that when a single
scientist collected geographical data for a study
he only published the relevant, synthesized data;
the rest was offectively "lost". (There is a grow-
ing tendency for the individual rcientist, supported
by an institution, to submit all of his data to the
institution for storage.) Geographical data eel-
loction of many typos has boon institutionalized-for
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a long while (Weather Bureau, Geological Survey,
etc.), and has even been focused by many collectors
in such efforts as that of the international geo-
physical "year". Institutionalization is of many
types: it may focus on collection as a basis for
producing some required output (weather predictions,
geologic and topographic maps), or it may simply
focus, nowadays, on collection to serve a hetero-
geneous market of potential users. Two problems
arise from this situation:

(a) The data collector who has a "product"
in mind obviously collects data in terms of that
product -- or should. This is proper: requirements
determine the inputs. Such data are not necessarily
in a form appropriate to the requirements of other
users. But they are very often used anyhow, for the
very good reason that the costs of collecting geo-
graphical information can be staggering. There is
a growing conviction -- among scientists, accountants,
planners, etc. -- that sophistication in the tech-
niques of sampling have outmoded such data "manipu-
lat ion".

(b) The data collector who does not have
a "product" in mind is in trouble: he will neces-
sarily concentrate on the means without knowing his
end. One result has been, in the moderi era, a pro-
fusion of sensor-collected data which do not fit
anyone's specific requirements.

Why the systems approach? There are many distinct tech-

niques referred to as systems analysis, some of which are

extremely formal. In this study, the terms "inputs" and

"outputs" have been used to dofine the boundaries of a dis-

crete information system -- specifically coastal information

packaged to meet Navy roquirements. Systems logic suggests

that if requirements can be specified it is then possible to

define the necessary data packages: in other wLrds, if one

knows what questions are being asked, one can define the form

the answers ought to take. Knowing the form the answers must
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take, one can identify the processes of producing those

I
answers (the transformation process), and this in turn begins

to identify the form of information inputs to the system. Put

another way, one then has some very definite notions about

what must be done to attain those goals and objectives. This

V technique of working backwards ("Give we the answer, and I'll

tell you the question") has proved to be an extremely useful

way of thinking about complex processes. It is this general

technique and logic that has been applied.

However, the application of this technique is perhaps not

as neat and tidy as one might expect, and.the reason it is not

is relevant to an understanding of what is being attempted.

Specifically, what is being don- here is strictly spc4ing

neither research, which might in this context be defined as

developing the concepts basic to such an information system,

nor development, which might be defined as putting a system in

operation by some specified date. Rather, it is applied re-

search, which might be defined as attempting to develcp the

format of a system which not only works but whose implemen-

tation is feasible.

Our approach has therefore been a mix of theory and prag-

matism -- an opportunistic effort to fit our systems analysis

procedures to the state of the art of naval ecology. We

attempted to specify the kinds of data needed as outputs cof

the system, but we found that potential users if such n system
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had not themselves thought much beyond current weather and sea

surface forecasts, if in fact they had thought that far. We

then attempted to look back into the system itself to learn

if we could w the effect of environment on naval operations

had been so little systematized. Within the system -- in the

so-called transformation process -- we found bits and pieces

of a formal process, but large parts of the structure were

missing. We found:

that a great manj Geographical informat4.on systens
and subsystems are already in existence -- within
Navy, within the Federal government, and outside
government. It is probably true, although this has
not been investigated, that the greatest effort and
the greatest complexity and confusion characterize
the area of inputs. i.e., data collectin. It sce.rz
apparent that the greatest need is in the area of
outputs, and here the effort appears !o be least.
If these qeneralizatiori are ,easonatio true, then
the most imediate poctntial source of improvement
lies in the transformation process.

Althouch transformation and outputs are entirely
within Navy jurisdiction andi control, the institi-
tionalization of various processes which in one form
or another invclve collection, prucessing, use, and
distribution of coastal data ),as made it necessary
for Navy to accept Jata from outside '--h* system.
These come as directLve, or as a rault of shoppIng
eround for information witW-n the Navy, within the
Department of Defense, within the ron-military agen-
cies of the Federal govevnmont, anti outside go%,erii-
ment entirely in some instances.

The information gatherod from , Ihese varied
sources may be in the fori of relatively "raw" geo-
graphic data, or it may already have been p-o-eaetd.
in a variety of wayst e.i., syn".hosiz d and .umm -
rizod geocraphical data %mean monthly tmpiperatues,
soi maps): prircle. def ining ri lationshiLps
(- rainfall on y soil - mud type 0: geographical
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data combined with other forms of data (clothing
allowances for a particular climate); such synthe-
sized data translated into operational statements
(map showing landing beaches); or .v n eventually

- into "yes" or "no" answers to operational questions.

This information is not defined as part of
what has beeA described as the inputs structure.
Instead, it is part of the transformation process
and rarely in "final" form for use in making command
and support decisions. It is not, in other words,
the kind of information that would be in an output
structure if there were one. It is the kind of
partially processed information presently provided
to answer the kinds of questions that are being
asked, supporting the decisions that are being made.

The transfer of this information to an output
structure cannot be described, except in an extremely
fragmented fashion, because there is no formal out-
put structure. There can, of course, be no formal
source structure if there is no output structure.
To analyze the data flows and the processes by which
they are generated, it will be necessary to impose
some kind of pragmatic, conceptual, organizational
framework upon transformation processes and output
structure.

The purposc in doing this is to be able to make
some aeneralizatons about the transformation pro-
cesses presentlV at work and to what extent they
appear to be equivalent to requirements. It is a
reasonable assumption that the points at which the
"real" system and the "ideal" system do not match
are points about which some management decisions
can usefully be made.

In other qords, our approach was pragmatically concep-

tual. We knew that it was worse than useless, even if possible,

to tell potential users what data outputs they needed. We

therefore decided to erect as much of an ideal (theoretical)

system as we could and compare it with as much of the real

system as we could identiry. Our emphasis was still on outputs,

but we Looked back into the system as much as we felt was
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necessary to rationalize the "real" and the "ideal" output

structures. As a result, we feel we know about how far one

can go in creating a partial coastal information system which

will be acceptable to and understood by Navy users and which,

hopefully, will demonstrate that a total system is needed and

will eventually be developed.

We have not considered inputs, except tangentially, both

because: (1) we are in no position to specify inputs until

specific transformations to produce specific outputs can be

described, and (2) environmental dat collection and storage

is big business; the problem within Navy will be to satisfy

all users, but the problem outside Navy belongs to someone

else: Navy can request selected data collected by other

agencies without attempting to modify the collection programs

of those agencies.

We think the approach has been effective. A review of

the first report in Computing Reviews, June 1969, said that

the problem attacked "may be regarded as the analysis of an

extremely complex management information retrieval system,

perhaps the most complex tackled thus far." Despite this,

we feel we have in two years of what can really be described

as "exploratory" effort come a long way toward: (1) specifying

the design requirements of a coastal information system; and

(2) pointing out the changes in present partial systems which

must precede eventual development of a total, responsive
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[ system. Just how far we have come is of course the subject

of this report, summarized in our attempt to answer the next

question.

Have we made any concrete progress? We hope and believe

we have. But since this is applied research, we have attempted

t- to follow what appeared to be optimum paths rather than stickI
to a precise study formula. This business of following our

noses has probably saved time and money in the long run, but

we have also been up some blind alleys. We hope to be excused

for emphasizing our findings instead of our mistakes and in

V organizing this report according to fundamental concepts in-

stead of as a history of what we have done. However, an
I.

historical record of our progress may be useful, and it is

sketched out here to provide a background for this report.

1. Proposals. We have submitted four proposals over

the last two years. The first was to study requirements --

the needed outputs of such a system. The second was a small

investigation of the sensor problem -- in effect, the prob-

lem of automating inputs to such an extent that the human

beings who still constitute the vital connecting links in the

( Iwhole information hardware system can't maintain the pace.

The third was a pragmatic approach to the transformation prob-

lem -- an attempt to find out what was happening, and what

should happen, at theoretical interfaces in the system if

postulated outputs were to be achieved. The fourth was an

' I0
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attempt to determine the actual coastal information outputs

that would exist in the research function area, basically by

extending the concept of three dimensional matrices that was

used to visualize the output structure.

Evaluation. Of these proposals, that with the

least direct application was the second -- to study the sensor

problem. However, it did lead us to an evaluation of auto-

mation as an adjunct of information systems in general, and

we came to a conclusion that may not generally be appreciated:

that automation is neither the problem nor the solution to

the problem of designing most information systems. Automation

has been applied, without much change in extant systems, to

data collection, storage and rctrieval. It is possible,

although we do not plan to investigate this, that automation

has in these processes contributed as much to confusion as

to efficiency.

Of these proposals, that which was based on wrong assump-

tions was the fourth -- to determine actual data outputs at

Levels 2 and 3 of the research function. We thought research

would be the most familiar (to us) function, and therefore

the easiest to analyze. Actually, it turned out to be the

most complex function of all, the implications of which in

Navy we had not understood (a problem of instit-tionalization

of a function), and very complex. What we should have
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[ rsuggested analyzing (and what we did investigate) was the

development function.

The other two proposals were much to the point, and we

have in fact achieved more than we thought we might at this

Fpoint.
Achievements (Ist year). Our achievements for the

first year are best summarized in the final report:

The basic objective of the project as it devel-
oped was to sketch the overall coastal information
system as it looks at the moment, identify the prob-
lems, constraints, and prospects which face the sys-
tem, and within this framework make a more precise
statement of Navy requirements in the format of an
output structure. (p.2)

We had discovered that: (1) there was only sporadic

recognition of the influence of coastal environment on naval

( operations, largely experience-based, and chiefly of the most

obvious, cyclic elements -- weather, tide, sea state, etc.;

(2) that such data as were provided in an organized form

(Fleet weather service, intelligence estimates, etc.) were --

in terms of our limited sample --- largely in "raw" form --

i.e., not translated for the user; (3) that there was no basic

philosophy about environment, as there was about "logistics"

V- or "intelligence".

In this situation it was next to impossible to get con-

crete -- and comparable -- answers about required outputs of

such a system. So we organized data from interviews with

representatives of about 40 Navy offices and developed a
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theoretical structure of outputs, which in effect achieved

three purposes: (1) it provided a systematic and realistic

way of reducing the infinite data potential in the term

"coastal"; (2) it suggested that different levels of users

require different kinds of data (which will of course ulti-

mately determine the mechanics of the system); and (3) it

suggested the kinds of relationships that needed to be under-

stood if outputs at each level were to be relevant.

When we asked ourselves why the need for such kinds of

data was not recognized, we had to look back into the data

flows and uses within Navy for the answer. The only way to

do this effectively, we felt, was to postulate what ought

to exist to support such an output structure and then deter-

mine whether or not it did in fact exist. Therefore, we

assumed that four basic naval functions had to be supported

in some fashion by coastal data, which had to be collected

and flow through Navy somehow to get to the proper desti-

nations. The question we asked ourselves was this: "Giver&

these basic naval functions (strategic planning, operations,

weapons system development, and research) and given movements

of coastal information into and through the system, what would

be the general structure of coastal information outputs de-

signed to support the functions, and what would be the

pattern of information flows designed to support the outputs?"

We looked at the Navy realistically as a system, but without
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putting institutional labels on the system components. Our

approach was, or was intended to be, pragmatically conceptual.

It led us to two major conclusions.

* Our first conclusion was that coastal information was

indeed required, and to a lesser or greater extent used, at

both the command and support levels of decision-making for the

four basic naval functions -- strategic planning, operations,

weapons systems design and development, and research. Both

logic and experience indicate the importance of terrain,

humidity, sea state, and the like; and bits and pieces of

formal data systems, some of them very large, do exist. There

is a lack of overall coordination; there are many system

lacunae; some aspects of a system are grossly overdeveloped

and some do not even exist. Nonetheless, it is possible to

think very concretely about a total output structure for a

potential system.

Our second conclusion was that coastal data did flow

into and through the system and were being transformed into

useful outputs. We postulated that the transformation

processes were defined by such terms as selecting, filtering,

monitoring, translating, factoring, relating, summarizing;

that they represented key relationships within the system

and with other systems; and that these relationships could

be "located" at three interfaces. What we meant was that

at three "locations" in the system the chazacteristics of

1



competing, or at least different, functions had to be re-

solved in Navy's favor. One of these was the point at which

coastal data entered the Navy system from outside sources,

and here all relationships other than the environment/military

operation relationship were filtered out. Another was the

point at which areas of the world unlikely to have any signif-

icance to Navy in the foreseeable future were screened out.

A third was the internal Navy bias which translates most

naval requirements in terms of weapons systems.

As we have defined them, the interfaces are conceptual.

But they should exist in a functional sense if not in an

institutional sense: that is to say, someone,.somewhere in

Navy, should be involved with these interface functions,

because coastal information does in fact move into and through

the system.

In terms of these concepts we drew up the Coastal Data

Flow Information System (Figure 8). On the basis of this

we suggested in our first report that the second year's

effort be an examination of the real system as compared with

our conceptual system:

The purpose in doing this is to be able to
make some generalizations about the transformation
processes presently at work and to what extent Lhey
appear to be equivalent to requirements. It is e
reasonable assumption that the points at which the
'real" system and the "ideal" system do not match
are points about which some managcment decisions can
be made. (p.59)

- 105 -

• • m• • ma mm • l l unul •1



2nd year. Our second year's work focused on an

attempt to reproduce "real" and "ideal" -- or better

["theoretical" -- systems as a basis for such a comparison.

These systems were developed on the informational basis of

interviews with well over a hundred people in some 50 naval

offices and installations (Appendix I); examination of many

reports on environmental investigations, chiefly by naval

laboratories, plus an investigation of report titles from

relevant military organizations in the Technical Abstracts

I Bulletin; analysis of weapons systems requirements documents

for both Navy and Marine Corps; examination of a number of

operator's manuals, handbooks, training guxides, etc.; and

analysis of reports of environmental data collection and

distribution systems within Navy, to the extent that the

latter were unclassified and readily available.

Our representation of the "real" system is shown in the

diagram The Role of Coastal Information in Weapons System

Development (Figure 9). The heart of the system is the

feedback of requirements for new or modified weapons systems,

which ties rejearch and development functions into the system,

but the purveyors of environmental data are also shown in

their relationships to all naval functions -- which are here

I-

t.
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institutionally labeled. A comparison of this system

(Figure 9) with the system postulated in our first report

(Figure 8) dicated the following:

(1) There is a greater emphasis on weaponic systems as

the common denominator of Navy coastal data requirements

than we had previously thought, although we did recognize

the existence of a weapons systems interface. Essentially

command decisions are based on three kinds of information:

(a) "intelligence" -- information about the enemy -- forces

and location, targets, resources, means of production and

transport, etc., deployment, and much of this could be

termed geographical or coastal; (b) "logistics" -- infor-

mation about his own weapons systems, their magnitude and

striking power; and (c) "operating environment" -- infor-

mation about the best location and time options that can be

chosen for weapons systems use, and all of this can be

termed coastal, if the coastal zone is the operating environ-

ment.

The present situation is that environmental data must

compete with intelligence and logistical data in naval manage-

ment information systems, and the following statements con-

stitute our present evaluation of the "status", and therefore

the competitiveness, of environmental data: (a) many environ-

mont-weapons systems relationships are perceived intuitively

but have never boen specified in a design-effective manner.
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F(b) perception of importance of environmental impact varies
widely, a factor of job, experience, and training; (c) study

( of given relationships tends to be a product of a locally

perceived requirement, and the publications of separate

study agencies never get into the mainstream of the system

or centralized in a body of knowledge; (d) as a result,

knowledge of specified relationships is widely scattered;

frequently important findings are not published; (e) chiefly

the go-no go imp-.cts are considered, while those which re-

duce output effectiveness or increase input requirements

are ignored as being manageable by the weapons system;

(fM the sensitivity of weapons systems to environment varies

a great deal. and the first attempts to implement a data

system should be in conjunction with the most sensitive

weapons systems.

So in no real sense does the weapons systems "interface"

exist. If it did, there would be an information flow corre-

lating the four functions in terms of impact of environment

on weapons systow -- i.e., in terms of the kinds oL environ-

ment-weapons systems data each function requires for its own

purposes.

(2) The relationships interface, which we postulated

as being outside Navy, exists nowhere.

(3) The priority interface probably exists in some

fashion. We did not attempt to determine to what extent it

I-OU



did, because: (a) the information would undoubtedly have

been highly classified, and (b) there is no poi,&L. in fac-

toring the data in this real-region-and-operation fashion

until some semblance of a coastal information transformation

process is set up.

Another conclusion was that our conceptual system was

very fuzzy -- a mixLure of functions and institutions, and

we attempted to develop a new theoretical system that would

meet the objections of the present real system. As a basis

for doing this we atteminted to synthesize what wo had

learned, and in good Navy fashion reduced this to four

basic "lessons":

(1) Although our study did not have this objective,

we felt we had incidentally discovered a good deal of evi-

dence supporting the assumption that environmental impact

was a significant factor in the effectiveness of naval

opezat ions.

(2) Everything pointed clearly to the impoi unco of

the critical environment-weapons systems relationship,

which we chose to refer to theroafter as naval ccology --

tho scienct of the interactions between environment and

men-and-machines in discrete ziavul. activities.

(3) Since the functi,-ns we hW postulated reflet-ted

Navy thinking and usage, it became necessary to find out



just what "research" and "development" meant in Navy,

Sbecause this became an important aspect of marshalling
procedures in an inforv-tion system designed to be re-

sponsive to naval needs.

(4) Finally, we discovered that an information sys-

tem is an extremely sensitive and at the same time power-

ful process: there is more to it than putting data into

and out of a system. To be introduced successfully, it

must reflect current thinking, with an open-endedness

that encourag,. chanoe. If it is introduced success-

fully, it becomes a powerful agent for organiza-tion and

change.

Investigation of these "lessons", which constitute

the chapters of this report, led us to design a model

of "naval ecology" (Figure 7) and a new theoretical

model of a coastal information system (Figure 10). In

effect, these models constitute our major findings:

(1) That it is possible to begin to build from

present knowledge of the effect of environment on single

components of equipment, or materiel, or people -- stated

in such terms as trafficability, rusting, fatigue -- an

aggregated and extrapolatable body of information con-

cerning the effect of environment in a specific region

of the world on a given operation; and
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(2) That it is possible now to introduce a partial

prototype coastal information system which will produce

command level outputs to all four functions for an amphib-

ious operation.

Our recommendations for following work are that pre-

cisely these efforts be undertaken.
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Commander Farber
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USN Mine Defense Lab
Panama City, Fla.

Conmander Robert Uhwat
OP-701, Development Planning Div., Program Management Branch

Capt. Dombroff
OP-32, Deputy Director Anti-Submarine Warfare & Ocean
Surveillance Division

115



F
~j

Mr. Ervin Kapos
CNA, Marine Corps Analysis Group (MCAG)

Mr. L. Heselton (Capt. Ret. USN)
Center for Naval Analysis

Lcdr. John W. Skillman
OP-90D36 Program Information Section

Commander Dave Hurt
OP-322, ASW, Ocean Surveillance Div. Air Section

Lcdr. Eugene Spadoni
OP-605D6, General Purpose Objective Forces
Amphibious Mine Warfare & Operations Officer

Capt. Zimmerman
Head, Mine Warfare Branch

- 116 -



APPENDIX II

BIBLIOGRAPHIES

-117-



fBIBLIOGRAPIHY
A Review of Oceanographic Variables and Their Analyses and

Predictions Over the Continental Shelf. Te,.nicil Note
No. 38. Monterey, California: Fleet Numerical Weather
Facility, May 1968.

Baldwin, Ellis, Palmer and Close. Tropicalizption of Ra(io
and Radar Equipment. Columbus, Ohio: Battelle Memozial
Institute, November 1949.

Bekker, M. G. Introduction to Terrain-Vehicle Systeil,-.
Ann Arbor, Michigan: The University of Michigan 2ress,
1968.

Campbell, R. D. Environment and Logistics, with the assistince
of W. H. Bailey, N. R. Mason, and H. W. Westerman-.
Washington, D.( .: The George Washington Universit ;, 15
November 1955.

Chernowitz, G., et al. Environmental Information Control.
Report 430-1. American Power Jet Company, February 1961.

Climatic Extremes for Military Equipment. QR&DC, EP Report
146. Washington, D.C.: Department of the Army,
Quartermaster Corps, Novembei 1951.

Computer Prediction of Environmental Effects on USAF Mater-
ials. Technical Documentary Report No. FDL-TDR-64-107.
Ohio: Wright-Patterson Air Force Base.

Design Disclosure for Systems and lguipment, Military Standardi-
zation Handbook. MIL-HDBK-226 (Navy), Naval Ship Engineer-
ing Center, Washington, D.C. 17 June 1968.

Engineering Weather Data. AFM 88-3, Chapter 6, TMS-785,
Department of the Air Force, the Army and Navy. Washing-
ton, D.C.: Government Printing Office, 15 June 1967.

Environmental Design Criteria and Other Mutual Geograplhicai
Problems. Notes on Conferenee between WCLDE, WACD, GRD.
AFCRC. Massachusetts: Air Force Cambridge Research
Center, 8-9 February 1956.

Environmental Stresses and Effects on Military Activitivs.
Final Report, May 31, 1969. Columbia, South Carolina:
Ur.versity of South Carolina, 1969.

Environmcnt Test Methods. MIL-STE-810B. Washington, D.C.:
Department of Defense, 23 Jui =! 1964.

- 118 -



Fleet Measurement and Use of Oceanographic Temperature - Depth
Profiles, Procedures and Recommendations. Study by ASWAC
Oceanographic Subcommittee, March 25, 1966.

General Requirements for Environmental Systems, Pressured
Aircraft. MIL-E-18927F(WEP). Washington, D.C.: Naval
Air Systems Command, December 29, 1961.

General Specification for Environmental Testing, Aeronautical
and Associated Equipment. MIL-E-5272C(ASG), Systems
Engineering Group. Ohio: Wright-Patterson Air Force
Base, April 13, 1959.

Gray, Gilbert R., Duckenfield, Thomas A., and Fuchs, Joseph L.
The Navy Automated Research and Development Information
System (NADIS) Progress Report, July 1965, Research
and Development Report 2103. Washington, D.C.: Depart-
ment of the Navy, David Taylor Model Basin, August 1965.

Griffiths, Thomas M., et al. Final Report, Project Duty.
Vols. 1-3. Denver, Colorado: Department of Geography,
University of Denver, 15 September 1967. ,

Intelligence. FMM 2-1, Department of the Navy, U.S. Marine
Corps, Washington, D.C

Kesel, Philip G., Lieutenant, USN. "Weather Support for Naval
Operations," UnderSea Technology. August 1967.

Kurotori, I. S. and Schafer, H. Storage Teme rgture of
Explosive Iazard Magazines. Part 1, American Desert,
Nvember 1966; Part 2, Western Pacific, June 1967:
Part 3, Okinawa and Japan, June 1967, Part 4, Cold
Extremes, May 1968. China Lake, California: Depart-
ment of the Navy, Naval Ordinance Test Station, Naval
Weapons Center.

McCall, C. H., Jr. The Nine-Coordinate Probability Model
Describing Environment-Military Operations Klationshi s.
The llistorical Rccords Project. ashington, D.C.:
The George Washington University, Septcmbcr 1957.

Military Specification Domonstratio, R'quircmentA for Airplanes.
MIL-D-8707A(Wrl). Vshing.ton, D.C.: Naval .'ir Systms
Command, Scptember '960.

Military Specification Data and Tt !Fns, lc('rinq: Cnntra;ftR~l ui ,m t A, ^ rcrait t ,. I S :Mt,,rn::. 4LL-9)-i70i( S ).

Waishint ton, D. C.: Naval Air Svstc:mt CoCmmand, Iugut-t 15,
196H.

I - llg -



t

Numerical Computation of Tides and Currents with a Hydro-
dynamical Model and the Application of Results to Mine
Warfare Problems. Technical Note No. 44. Monterey,
California: Fleet Numerical Weather Facility, January 1969.

Oceanographic Analyses and Forecasts for Fleet Support (Services
and Codes). Technical Memo No. 11-2. Monterey, California:
Fleet Numerical Weather Facility, August 1967.

Programming and Application of the Hvdrodvnamical Numerical
Me"hod to Da Nani Bay. Technical Note No. 42. Monterey,
California: Fleet Numerical Weather Facility, September
1968.

Robbins, Walter J., McCabe, Arthur T., Schmidt, Edgar J., et al.
Environmentel Factors in Systems Effectiveness. Technical
Report No. PRADC-TR-68-199. New York: Rome Air Develop-
ment Center, Air Force Systems Command, Griffiss Air Force
Base, October 1968.

Schafer. Howard C. Environmental Criteria Determination for
Air-Launched Tactical Propulsion Systo:os. -Parts 1 and 2,
Stockpile-to-Tar- SJ n, July 196t4; P-rt 3, Descrip-
tion of the Environment, August 1968. China Lale,
California: Department of the Navy, Naval Weapons Center.

Spot Retrieval Program. NAVCOSSACT Document No. 6011001 PM-02.
Washington, D.C.: Naval Coiiunand Systems Support Activity,
May 1969.

The FNWF Ocean HistoryITnformation Retrieval Systcm. Technical
Noto No. 39. Mkriterey. Call tornia: Flect Nut'erical
Weather Facility, April 196i.

U. S. Fleet Numerical W;,athar fltcility Activitir, Rceating to
Svt.a-ir _atcractions on a S;vpn-tic Sra'e. Tcchnieal
Note No. 38. Z+intcrey, California: Fleet Numerical
Weather Facility, February 12. 1965.

U. S. Nav,! Ecathor Scrvie C:,nnzutor Prnvuets Manual. NAVAIR
50-1C-522. Washinjton, D.C.: Deparitment of ttn Navy,
Chief of Naval Operations, MWrch I, 1967.

Weat)'cr Pi c 1:iintnanc,, Prorai,. NAVCGSSAC'. Docuil-nt .o.
60W,1 P;I-i2. Washinqton, D.C.: Naval Command Systems
Support Activity, May 1968.

Wells, Jiowird A. "Weaipons SVstLm Planners Guid.", ':EU
.... . ., .C, • ir ' .r'ifl m-. t., Vol. LM-!.4

No. ) 14:.

- 120 -



PARTIAL LIST 01 RELEVANT BTBLIOGRAPIIIES

Air Force Scientific Research Bibliography 1960. AD-647 817.
67-8. FLD. 5/1

An Annoted Biblioqrauhv of Protective Structiires Research.
AD-810 163. 67-10. FLD. 13/13A.

Annual Department of Defense Bibliocraphy (1967) of Logistics
Studies and Related Documents. AD-647 872. 67-8.

FLD. 11/6. Naval Applied Science Laboratory. Brooklyn,
New York (Y).

Bibliography of NOL Technical Documentation. (U) 1967 edition.
NOLTR 67-200. U.S. Naval Ordinance Laboratory. White Oak,
Maryland. 1 January 1968.

Bibliography of Reports, 1966. AD-648 536. 67-9. FLD. 8/10.

Bi lioqraphv of Rock Island Arsenal Technical Documents of 1965.
AD-810 799. 67-10. FLD. 5/2A.

Bibliqoraphv of Unclassified NRL Formal Reports Numbers 5/00 to
6300. RLD Report 6000B. U. S. Naval Research Laboratory.

Washington, D. C. January, 1966.

Deep Sea Simulaticn, Component Testino, and Assoziatcd ProblemszAn AnnatatcdI 3i;"oc ' ,  . 2 b99 oL. 67-12._ Fr - 13/4A.

Foundational Rescarch and Independnt Exploratorv Development
Proqrams. AD-U09 007L. 67-9. FLD. 5/14. Naval AMr Engineering

Center. Philadelphia, Pennsylvania.

Guide to NCiL T-nchnical Documents. Naval Civil Engineering Lab-
oratory. ADb44332. Port iiuenemc, California. January, 196b.

Quartrlv Co _iltinn of Abstrcts on Coplejt0 Tet, I.erinenta) L
and Deveopmnent_(T I_)) 1*" ._ AD-3b0 212L. 67-11. FLD. 1/1A.

NiWal Air TesL CenLer. Patuxent River, Iaryland.

Quartor', Proie t Statwq in Activitjc- Sur . Part 1. October-
Decemb.r, 1966. AD-379 41b. 67-1. FLU. 5/IA. Naval theapons
Evaluation F'acility. Albuquerque. Now M1exico.

Repor Air Force Rocket Propilsion Laboratory.
JaAIrv - S SepLmber. lVii(-. AD-b0t. 739. 67-7.
FLD. 21/VA

Technlic f ,nq L" ,_2ea,:-*_ or e o: Tn _ -Th: D. mb ]6:.

AD-b07 723. 67-b. !1.D. 9/IA. Air F'orce iwiojn Laoorzary,.
Wright-Patterson Air Force ! asc', Ohio.

USIN rI)f,-r7-1 An Tntic-s, to U.S. "., i . I ', t . . . ,
T-chr ; 717.7t--), 01.

i Ca L a.t,-,,:.,. n r, ' S12 -m Fr - , C.11i:f ,;it

- 121 -



r
F
I
F
i
F-

I

APPENDIX III

LIST OF RECIPIENTS

I.

{

. f

I

I

122



LIST OF RECIPIENTS FOR V389149

CHIrF OF NAVAL P.FSF AWCH 2 COPIES
ATTENTItIlU,. (;E(,r:;-APHY .'RAN!CHi CODE 414
OFFICE [IF NAVAL 1RES{IA1RCH
WASHINGTON, D. C. 20360

DEFENSE DOMCUMENTATION CI-NTER 20 COPIES
CAMERON srATION
ALEXANDRIA, VIRGINIA 22314

DIRECTOR, NAVAL RESEARCH LAIFORATORY 6 COPIES
AITENTI' I,! TECHNICAL INFORRiATION OFFICER
WASHINGTON, 1, C. 20390

CONTRACT ADIIN SOIUI'HEASTFN AREA
OFFICE OF NAVAL RESFARCH
2110 G STREET, N. 1-,
WASHINGTON, D. C. 20037

COMMANDING OFFICER,
OFFICE OF: NAVAL RESEARCH BRANCH OFFICE
BOX 39
FLEET POST OFFICU
NEW, YORK, NEW YORK 09510

CHIEF OF NAVAL RESEARCH
ASST. FOR ,'ARINE CORPS MATTERS
CODE 111
()FI=ICE OF NAVAL RESE'ARCH
!,,'ASHINGTON, 1). C. 20360

CHIIEF OF NAVAL RESEARCH
CODE 463
SURF ACE ANO AMPH]1IOLIS PRORAMS
OFF ICF. t iY4 VAg YSFAtC.
WASHINGTON, D. C. 20360

C(.VMAiI) I NG OF F I C[f',
'SCIENTIFIC & TECH. INTELLIGENCE CENTER
NAVAL OBSERVATORY, BLDG. 52
WASHING[TUN, 0. C. 20390

JC:ANOIGRA II O~OF THF NAVY
iFF ICE (OF1 'l-;F (ICIE./N(J(;PAPHER, (IF THE NAVY
73e. lI1I!4TH WASHIN(IIl o STR[F-I
ALF.XANDR IA, VIRGINIA 2.231.1

(:HIMANI) IN,,(IF [F IC FR
NAVAl. I ICf)NlAISSANCF ANI) T C HI, I CAL.
S0 11 IRII1,T C EN11.R
WASH-I N(;'IfIN, 0. C. ?0:90



1) k * t'F fT 1.. 1 LL 1-1 ,
[:P~~tl 04-\ P11 (;HI IYS I C A S C I F N' C',FSI U~~tNIIVi-S]Y OFxru n1~~

CHICAGC01 ILLINOIS 60637

jDR. JOHN U * HARRAGH
DE PAR~T1 1N T (11 GOFIL(')lGY
STANF-ORD (INIV 'IF S fY
SrANFC), CAL IHOCRN IA 911305

COMM41ANDER...
NAVAL OCEANOGRPICCF C
AT TENT IONO L i 'R ARY ( CUDE 1640C)
WASHI1NGTON, D. C., 20390

PROFESSOR JOHN D. NYSTUEN
DEPARTMENT OF GEOIGRAPHY
LIVERSITY OF: MYCHIGAN
ANN.ARIAOR, MICHIGAN 48103

DR. 0. 14. MYILLER
AMERI1CAN GEOGRAPHICAL SOCIETY
BROADWAY AT 156TH STREET
NEW YORK, NEW YORK 10032.

OR, RIC-HARD J. CHFI!'LFY
DEPARATIiFENT OF GEOGRAPHY
UNIVERSITY O1F CAMBR IDGE
DOWNING PLACE
CAMBRIDGE., ENGLAN4D

PROF, BRUNO ACCORD!
INSTITUTE OF GEOLOGY C PALEONTOLOGY
(JNI\'FRSITY OF kli. HE
R(JMEt ITALY

DIVISION! OF LAND RFSEARCH
COMMO'i4NWEFALTM SC I ENT I FIC AND I NDUSTR IAL
R E S!AhPC "H OR GAN1\ I Z/ 100N1
P. 01 RlOx 109
CANBERRA CITY, A.C.T. , AUSTRALIA

OF 1C I-O NAF I NVEST 1 -AAT IO- Y OP SARROL0
miNIs[F-.Ii)0 DE MARINA* f LIMA, PEkU

1OFENWSE IN1FLLICEW'CF A(U[-1CY

WASH I ( N , 1), C,* 20.3C)1



1)1 IFCTOR
COAST/1L E-Nf;JrFFR U,; RFSFARCH CENTER
CORPS (IF G EEF I.I S.* ARMY
5201 LITTLE FALLS ROM)A, N. 14.
WASHINGJrTON, 1). C. 2031'5

CENTRAL INTFLI. I c;P-r*(E AGEN\CY
ATT F NT IM ON C /l )P- L L ICAT I UN'S
WASH INGTON1 , . C. 2050)5

DR. R ICHARD) J RUISSELL
COASTAL STODI~F S I IIST ITUJT
LOIl IS! AN/ STATE UNIVR (BATOIN ROUIGE, LOU 11I ANA 70F'03

DR.* JOHN H, V .AIYN!\\
DEPART11ENT OF GEO\GRAPHY & GEOLOGY

SD1FUN I VERS ITY COLL EGE
1300 EL M0000 A V ENUIE
BU.FFALO, f,4:1 YoRk' 14222

OR. EDWARD R. ESPF)'VJSHADE- J k.
DEPARTMENT OF GEOGRAPHY
NORTHWESTERN UINIVERSITY
EVANSrON , JLI .i~NOI 60201

DR.* WILLI..IAM C. * KR(IMPF IN
DEPART11H'!T OF GEIILOGY
NORi !-iWFSTr-RN UN 1VER;,S I* Y
EVANSTON, ILL II NO iS 00201

CHIEF OF NAVAL RESEARCH
CODE 437OI~ YTM

OFF ICF- OF NAVAL RE SI-ARCH
WAS 1.1 I ON , D. C.* 203 6(

DR. MIDNN S.* GORSL I W
OFPAR~* ENT OFGELY
UNM)V\'FRSI TY OIF SU)IITl-!:RlN CAL IFORJI A
LOS 0\NGE1ES, Cl L IFORN IA 9 0007

U I i-C T(IP 'NAY I (i\)AL (JC F:At\!(;R JA PHI C l hA AC. ENT F.
WASHIP!TI)N, 1). C. 20390

DR. L.* A,* PI*FR GOSIANICG
f)LAN10i4Fl:I'T OF- G;il;mRAPHY
tiN IVi-kS IY OF11 M)CIG(U (AN

Conter for Rcosearch in Soci Systemn
The Arnorican University
5010U Wisconsin Avonuc, N. W.
Washington, 1). C. 2001G



I"

DR. WARREN C. THII1-, ;,J
I)FPI" 1l-) F MIFI- !IITIf)PL { Y fC : r'I(, A Iy

0. S, ',.!A\IAL PUi ST (;ChAf. SCJH lOL
iONTERFY, CAL IFRN]If, 939/io

DR. Rlb'FRT DOLAN
DEIPARTIiENT OF GF0CG RAFHY
UNIVERSITY (IF VIR..uIA
CHARLO1TESVILL F, VI ,C. I NIA 22903

C OAAN) 1 NG F ICFR
NAVY MINF DEFENSE LAHflRATORY
PANAI4A CITY, FLnRIDA 32402

COMM A ND, ER
NAVAL ELECTRONICS LAB ORATnlRY CENTER
SAN DIEGO, CALIFORNIA, 92152

DR. DUANE F. MARLF
DEPARTIEN'1 OF GEOGRAPHY
NORTHWESIITERN UNIVERSI TY
EVANSTON, ILLINOIS 60201

Mr. Walter H. Bailey
__rth Sciences Division
National Academy of Sciences
National Research Council
Washington, D. C. 20418

Assistant Director (Rnsearch)
Office of Director of Defense

I Research and Engineering
Department of Defense
Washington, D. C. 20301

Professor Rodman E. Snead
Department of Geography
University of New Mexico
Albuquerque, New Mexico 87106

Dr. William Warntz
Laboratory for Computer Graphics
Harvard University
Cambridge, Massachusetts 02138

Dr. H. Homer Aschmann
Department of Geography
Division of Social Science
University of California
Riverside, California 92502

11oward Schafer
Code 45330
Naval Weapons Center
China Lake, California 9355



UNCLASS IF IED

DOCUMENT CONTROL DATA R&D

i(Siecritt ( .ifcation ,I title, hoi . , r I,,t I i d,.xirw, ,notain nmt b ,.be t, d ,wlgrn IIIt ivtu ll 1?lort is clf..itled)
1. OR IGIN AI I NG ACI IV I IY (('orl-1ii I iiiit tl/ or) 2 I E P ORI SEC UriI I Y CL A SSIF 'ICA TION

UNC LAS SIF IED
MATRIX RESEARCH COMPANY 2 1. GFIouP

3. IREPORT TITLE

Design of a Computer-Assisted Coastal Information System

4. DESCRIPTIVE NOTES (Tpe ofreprft and inctusit v dah.v)

Phase II (17 September 1968 - 17 September 1969)
5. AU THOR45) (First nate, middle initial, last ioe)

Robert D. Campbell

6. RrPORT DATE 78. TOTAL NO. OF PAGLS 7b. NO. OF FFS

15 September 1969 1
81. CONTRACT OR GRANT NO. 9a. ORIGINATOR'S REPORT NUMBER(S}

N00014-68-C-0164-P02
h. PROJECT NO.

389-149
C'. <9b. OTHLR REPORT NO(S) (Any other numbes thaet may be assigned

this report)

d.

10 t!STRIL3UTION STATEMENT

This document has been released for publi release and sale;
its distribution is unlimited.

II ~ *Jt~r~. NCti. 5P-ONOING IiILt IAR', ACTIVITy

Geography Branch
Office of Naval Research

.A A IWashington, D. C. 20360

7 ,RACT Progress on his yearsorK Is sb6Wummaried in tU fufI o: four lessons
learned": (1) there is a good deal of evidence within Navy that environmental impact
is a significant factor in effectiveness of naval operations; (2) the interaction focus
is with weapons systems; therefore, the basis for understanding environmental impact ir
nival ecology--the science of the interactions between environment and man-and-machines
in discrete naval activities; (3) naval ecology provides the framework which relates the
four basic naval functions, and it clarifies the distinctions made between research and
development, both of which are rblevant in weapons systems terms, but ir different fash-
ions; ai. (4) a coastal information system is such a powerful addition to any organiza-
tion, serving not only the decision-making process but also the process of developmental
chnnge, that it must be errefully developed in accordance with both the scientific
structure of naval ecology and the functional and organizational patterns of Navy.

Investigations leading to these lessons -led us to postulate: (a) a model of naval
ecology, and (2) a description of a theoretical coastal information system. In effect,
these models constitute our major findings: (1) that it is possible to begin to build
from present knowledge an aggregated and extrapolatable body of information concerning
thu effect of environment on a given naval operation; and (2) that it is possible now
to design and introduce a partial, prototype coastal information system which will
produce command level outputs to all four naval functions for an amphibious operation.

L~_,_ UNCLASSIFIED



UNCLASSIFIED
Serut it a! I .Ih it it vl

KLYW0ROS LINK A LINK 0 LINA C

ROLE WT ROLE WT ROLE WT

f Geographical Data Flows
I Priority Output Structure

Information Exchange (interface)
Information System
Geographical Systems
Naval Ecology
Environment
Environmental Impact
Environmental Effects
Data Marshalling
Naval Functions

DD 1 O.17 T1

( G

iI

I
i t .-

,N2 , 473 - .F _ UNCLASS X' 'lrD
(PAGE 2) '" cutity CI;? iftv.teun-


